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THERE’S ALWAYS SOMETHING NEW UNDER THE “PARASITO 
LOGICAL” SUN (THE UNIQUE STORY OF HELMINTH-BORNE 
SALMON POISONING DISEASE)! 


CORNELIUS B. PHILIP 


Just one hundred years ago, the first two professional entomologists were ap- 
pointed to posts in the Federal Government and in the State of New York. ‘This 
year, therefore, is being celebrated in the observance of the centennial of professional 
entomology in the United States. 

In checking the subjects of presidential addresses before this Society over the 
past three decades, | find that only .wo would be classed primarily under medical 
entomology, one of the three major professional fields in our organization, It sur 
prises even this author, therefore, in this centennial year of entomology, that he has 
selected a subject that is parasitological rather than in his chosen field of medical 
entomology. 

The bizarre story, even though still new and incomplete, of a parasitic fluke taking 
the place of an arthropod vector of a rickettsialike agent causing disease in a vet 
tebrate host, will instead, | hope, elicit the varied microbiological and parasitological 
interests of those present. The natural cycle of this disease agent is intimately 
associated with that of an endoparasite, which is itself dependent on molluscan and 
cold- and warm-blooded hosts ini both aquatic and terrestrial environments. The 
epizootiologic and etiologic implications, therefore, provide challenging aspects 
which reach beyond the immediate problems of the disease itself. It is the old story, 
however, of a microbial parasite dependent on a higher parasite for its existence and 
dissemination 

Though a highly fatal malady of dogs was known to the early white settlers on 
the Pacific Coast, and even apparently to the Indians, theories varied as to the 
cause of the affliction. The sickness followed the eating of fish, particularly salmon, 
and the name “salmon poisoning” was applied by the laity in former times when 
dead or dying, spawned out salmon were more available than now along the streams 
of enzootic area. Donham then showed in 1925 that the intestines of dogs that 
came to autopsy harbored minute trematodes that had been ingested as fluke cysts 
with the tissues of salmonid fish. Up to this time it had been assumed that the 
flesh of the fish was in some way poisonous to dogs, though never to man. The 
early argument that some form of protein poisoning was the incitant ran into the 
difficulty that other animals such as mink did not get sick from eating raw fish 
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It is interesting to note that one prior theory of causation was advanced by 
Pernot (1911) who observed and figured the minute cysts in fish, and believed 
the movements he noted under magnification to be due to amoebae. He infected 
two dogs by feeding “the dark bloody substance taken from along the back bone 
of the inside of a trout.” Heavy parasitism often killed young fish (Simms, 1932) 
and so-called “pop-eye disease” of trout in which the eyes were protruded by under- 
lying cysts was described by Ward and Mueller (1926). Shaw et al. (1934) state 
that “more than 14,000 [cysts] were found in a cutthroat trout, less than five inches 
long, caught in Oak Creek near Corvallis. . This fish was apparently healthy.” 
The disease agent itself, however, was believed not to affect the fish, and 5 trout 
fingerlings injected with proved infectious dog node suspensions by us remained 
healthy as confirmed by innocuous transfer of their tissues on either the 15th or 
33rd days after injection to healthy dogs 

Chapin (1926) deseribed the flukes as Nanophyes salmincola just a few months 
before Ward and Mueller (1926) had offered the name Distomuluim oreqonensis 
for the immature fluke causing “pop-eye disease.” Since Nanophyes was preoccu 
pied, Chapin (1927) changed the genus to Nanophyetus which Wallace (1935) 
insists is a valid assignment. Indeed, Wallace erected the subfamily NANOPHYE' 
INAE in the family TROGLOTREMIDAE to contain this and his very similar Sellacotyle 
mustelae from Minnesota mink. However, much of thé recent literature has fol 
lowed Witenberg (1932) who believed that this genus should be reduced to synon 
ymy with Troglotrema, a genus which Baer (1931) placed in the subfamily TRoGLO 
rREMATINAE with Paragonimus, Collyriclum, Pholeter, and Renicola. Wallace's 
interpretation will be followed in this discussion rather than Witenberg’s. 

If Witenberg was correct in synonymizing with N. salmincola, the human fluke 
parasite of East Siberia, N. schikhobalowi Skrjabin and Podjapolekaja (1931), 
it would seem strange if some human exposure, possibly among Indians, had not 
occurred in our Pacific Coast. In the absence of reported cases, it is unlikely that 
man is susceptible to the disease. 

The developmental cycle of N. salmincola, briefly, involves carnivores as hosts 
of the mature flukes, salmonid fish as hosts of the metacercarial stage, and pleuro 
cerid snails, Goniobasis silicula,* as hosts of the redial and cercarial stages, as well 
as targets of the newly hatched, free-swimming miracidia. Fluke eggs are passed 
with feces of the definitive hosts as early as 5 to 8 days after the eating of fish. 
Price (1928) and Simms et al. (1931b) have shown that fluke eggs may require 
some 2 to 4 months to hatch in the laboratory. Bennington (1951) was unable 
to induce free-swimming miracidia to penetrate Goniobasis under observation, 
nor was he able to find a sporocyst stage in parasitized snails. The fluke residence 
in a dog is self-limiting. Eggs decrease in numbers in the feces of parasitized dogs 
by the 50th to 75th day and may be entirely absent by the 250th day (Simms et al., 
1931b). 

The contention of Simms et al, (193la) that the geographic distribution of the 
snail, G. silicula, determines the extent of the endemic area in which canine infection 
takes place, has been well substantiated and accepted since that time. The affected 
area extends from northwestern California, northward along the Pacific slopes of 


2 This snail is referred to in most literature as Goniobasis plicifera silicula Gould, but Hen 
derson (1936) has declared silicula to be specifically distinct with three races on the Pacific Coast 
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the Cascades through Oregon and parts of the Olympic Peninsula in Washington. 
Cram (1926) verified the presence of the fluke, \. salmincola, in animals on that 
Peninsula. Authentic cases from southwestern British Columbia have not been re 
ported, though Donham (1925) mentioned the disease as “rare” there, and occur- 
rence of the snails in that area remains unsubstantiated. 

Though Simms et al. (193la) report that no “infected fish” have been taken in 
the Columbia River, a case of salmon poisoning in a dog occurred along the Snake 
River tributary near Lewiston, Idaho (Gorham report to Hadlow). It is remark 
able that similar instances of infection due to migrating fish east of the known range 
of Goniobasis snails have not come to attention. 

It is a well-known observation, even as early as Pernot (1911), that salmon re- 
turning from salt water are not a source of infection until after they have been back 
in the estuaries and streams long enough to become newly parasitized. Since young 
salmon can become heavily parasitized before going to sea, and fish in fresh water 
have been found parasitized at all seasons of the year (Simms et al., 193la), the 
implication is that cleansing must occur during the years that they are resident in 
salt water. 

From the above considerations, it is very evident that the natural cycle of the 
infectious agent is intimately associated with the restricted distribution of the specific 
fluke and snail hosts rather than the phases in the more widely travelled fish. Suit 
able invertebrate hosts are obviously not available in the wider environment reached 
by salmonid fish of the region. 

For our experimental observations discussed in the following text, we were for 
tunate to have our own isolated, kennel-raised beagles. Temperatures are in degrees 
Centigrade and where the results of challenge are mentioned, there was always con 
trolled infection in duplicate dogs. All instances of infection were confirmed at 


necropsy by a study of both gross and microscopic changes 


THE DISEASE IN DoGs 


Dogs have naturally been the animals most frequently observed to acquire infec 
tion following the eating of fish in the enzootic areas. Briefly, the usual syndrome 
is about as follows: After a suitable incubation period following natural exposure 
(averaging 6 to 7 days in our experience with fish-fed beagles) there is sudden onset 
of fever and complete anorexia not infrequently accompanied later by vomition and 
diarrhea which may become dark with altered blood. The fever usually lasts from 
4 to 7 days followed by a similar period of defervescence. Dehydration and loss of 
weight progress with the persistent inappetence after the drop in fever. Drinking 
excessive amounts of water is sometimes noted. Death usually occurs about 10 days 
to 2 weeks after onset. 

Deviations from this classical clinical course in our experimental series were not 
infrequent. For example, one dog fed the halves of four fresh fingerlings developed 
fever of 40.6 for only 24 hours on the 7th day, became afebrile and died on the 13th 
day showing characteristic pathologic lesions. In another instance, a freshly pre 
pared node suspension which produced the usual high febrile reaction above 40.0 
in four dogs, caused only a mild rise in a fifth with 4 days of 39.5 to 39.8 and death 
ensued on the 12th day. In another series of eight dogs receiving duplicate dosages 


of fresh node suspension, seven had the usual, marked rebrile reactions, while one 
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was completely afebrile (maximum 39.0) until death on the 11th day though it had 
the other symptoms of anorexia, vomition, diarrhea, and weight loss. While the 
onset of fever is usually an abrupt rise to 40.0 and higher, we have observed individ 
ual variations in which temperatures as low as 39.5 must be considered as fever. 
Maximum temperatures of 41.0 are quite common, and reached 41.6 in one instance. 
One dog had a terminal convulsive episode with champing of the jaws and paddling. 
Another, after 4 days of fever during which she aborted, developed extreme hyper- 
excitability during brief handling for administration of antibiotic, with running and 
barking followed by quiet clonic spasms of unilateral front and hind limbs. These 
symptoms subsided dramatically within 24 hours following antibiotic treatment dis 
cussed later. Several of our dogs have had a thick yellowish conjunctival discharge. 
‘The “rose spots” (rash) on the abdomen and inside of the legs, especially of white- 
haired dogs, mentioned by Pernot (1911) have been a rare feature in our infected 
animals, and have not been reported by other authors 

Some 90 percent of naturally infected dogs are reported to die. In our experimen- 
tally infected series, 13 dogs were fed fluke-parasitized trout fingerlings of varying 
ages from seven iced shipments from an Oregon fish hatchery. Eleven dogs became 
ill showing the high rate of infection from this source. In each instance, the trout 
were opened to confirm the occurrence of numerous metacercariae posteriorly in the 
“kidney” thus indicating their presence in other tissues. Most of these fish-fed dogs 
were sacrificed for passage of infectious node suspensions or were used in treatment 
studies. Of three in which no intervention occurred, two died and one recovered 
spontaneously. In both instances in which infection did not occur, trout of the same 
shipment infected other dogs fed at the same time 

In the remainder of our series in which natural termination was permitted with- 
out intervention or treatment, none of the 23 recovered that had received inoculums 
of expected infectibility. We have even had four other dogs die that developed 
typical febrile episodes after unusually long incubation periods of 19 to 33 days in 
special tests discussed later. The high lethality of this disease for dogs is therefore 
confirmed in laboratory studies 

Necropsy findings. ‘This high fatality rate would be expected to be reflected in 
severe gross lesions, but this actually proves not to be true. The chief gross lesions 
observed at necropsy of infected dogs have involved chiefly the visceral lymph nodes 
and other lymphoid tissues. Most of the superficial lymph nodes are less noticeably 
involved. The mesenteric and ileocecal nodes are invariably much enlarged, as are 
most of the other nodes in the abdominal and thoracic cavities. In view of the con- 
stancy of these involvements, Pernot’s (1911) statement “the mesentery glands 


’ 


show no marked lesions” must have been made without comparison with nodes in 
healthy dogs. The affected nodes are variably enlarged, soft, moist, and fleshy, and 
may show areas of hemorrhage and necrosis. Some enlargement of the thymus, 
spleen, and tonsils may be noticed, and Peyer’s patches along the intestinal tract are 
frequently prominent 

The inflammatory changes in the small intestines of dogs carrying hundreds of 
Nanophyetus flukes were no more extensive than in animals infected with node 
suspensions, Flukes were more numerous in the upper portion of the small intestine 
but could be recovered lower down as well. The colon remained free of parasites 


but the mucosa frequently showed hemorrhage and areas of inflammation 
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The characteristic pattern of microscopic changes in the affected nodes involves 


a decrease in the number of mature lymphocytes accompanied by a proliferation of 
the reticulo-endothelial elements in both the cortex and medulla (Cordy and Gorham, 
1950; Philip, Hadlow, and Hughes, 1954). Similar microscopic changes were found 
in the tonsils, thymus, and lymphoid tissues of the spleen and intestinal tract. Rick 
ettsialike organisms were observed in the cytoplasm of numerous reticulo-endothclial 
cells, but there appeared to be no constant quantitative relationship to the extent 
and severity of the tissue changes. Thickening of the intestinal villi by mononuclear 
cell infiltration was a common observation. Numerous organisms were present in 
the histiocytes of the infiltrated mucosa. To date, however, no undoubted organisms 
have been recognized in sections of flukes located in the adjacent crypts. Suspicion 
has been cast on peculiar staining elements in the cells of the shell glands and in 
unlaid eggs of these parasites, but further study is needed regarding the fate or low 


tion of the agent in the fluke vectors 


THe DIskAsE IN ANIMALS OTHER THAN DoGs 


Feeding of fish by fur farmers and animal raisers had been reported to have 
caused losses in foxes, but mink have remained unaffected. Cordy and Gorham 
(1950) record an instance of the loss of 25 of 75 foxes, apparently from the feeding 
of trout trimmings in the rations. One of these fox carcasses had flukes in the 
duodenum, and also showed characteristic gross lesions of the disease 

experimentally, both foxes and coyotes have been fatally infected by the feeding 
of fish, or injection of infectious material (Donham et al., 1926, 1927). It has been 
postulated that this susceptibility may be one explanation for the comparative scarcity 
of these animals in the coastal area of western Oregon. It is interesting to note in 
this connection that the coyote trapped on the Olympic Peninsula was considered 
by Cram (1926) to be in good flesh and unaffected despite “massive” parasitism by 
N. salmincola. It appears more likely that this animal had recovered from previous 
infection and that this was a reinvasion of flukes than that the heavy parasitism wa 
due to an initial meal of fish. 

Since there is such a high fatality rate in canines, plus the fact that it is hardly 
conceivable that these animals are abundant enough with suitable activities to account 
for the observed heavy parasitism by fluke-carrying salmonid fish and snails, Simm 
and his colleagues at Oregon State College have logically and repeatedly suggested 
that some other mammalian hosts probably play an important part in the maintenance 
of the fluke population in the enzootic area. 

There is the additional consideration that some mechanism must be accounted 
for to maintain the intense rate of infection in fluke-hearing fish that has been re 
ported by others and confirmed in our feeding experiments. It hardly appears likely 
that fish themselves could be passing the agent between encysted fluke stages; it 1s 
considered likely as eventually proven in the case of Kicketisia tsutsugamushi, that 
transovarial transmission from one generation to the next in the invertebrate vector 
probably occurs 

On the other hand, we are convinced in the case of the acarid-borne rickettsioses 
that this mechanism alone will not entirely account for maintenance of the infectious 
agents in nature. It seems unlikely that the salmon poisoning agent is maintained 


in this manner alone, even if passage through the eggs of vector flukes ts eventually 
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demonstrated, If some 90 percent of infected dogs die within a week of deferves- 
cence, and sick animals take little or no nourishment, the time and circumstances are 
quite insufficient to promote natural maintenance by these animals 

It is logical from all these considerations, therefore, to seek for some less fatally 
affected, but suitable, fluke-host vertebrate that is indigenous to the enzootic areas. 
Though N. salmincola will develop in a considerable variety of mammalian hosts, 
chickens and ducks have not proved to be suitable (Simms et al., 1931b). Nor has 
this fluke been reported from any local fish-eating birds 

Pacific racoons have come under suspicion of the Oregon investigators in the 
role of a possible animal reservoir. These animals are common, omnivorous inhab 


itants of stream-sides in the area, and have been found to carry both natural (Cram, 


INSUSCEPTIBILITY OF RACOONS TO SALMON POISONING AGENT 
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1926) and experimental populations of the flukes, though Simms, ef al. (1931a) 


report that the fluke does not mature in racoons 

However, racoons have proven to be refractory to the disease agent, and could 
therefore come into the disease cycle only if infected flukes passed the agent with 
racoon-disseminated fluke eggs to the next generation. Simms, MeCapes and Muth 
(1932) reported “negative results” after transfer of blood from a fish-fed racoon, 
and after injection of blood from a sick dog into a raccon. Time intervals and con 
trols on infectious materials are not stated, however 

We have used two racoons each from Oregon and from Florida in susceptibility 
tests, the temperature records of which are presented in Figs. 1 and 2. One from 
each State was fed three fresh Oregon, carefully split fingerlings, the other halves 
of which caused infection in control dogs. The first racoon “A,” developed mild 
elevation of temperature to 39.4 on the 8th day, when it was fed seven additional 
fingerlings, ‘Thereafter it ranged between 38.4 and 39.0 for 13 days. It was then 


sacrificed and a suspension of normal-appearing mesenteric nodes was injected into 
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a dog which remained normal, and developed characteristic infection after challenge 
on the 29th day. The second racoon, “C,” had a slight elevation of temperature for 
4 days beginning on the &th day after injection with proved infectious node suspen 
sion (the control dog simultaneously had a severe febrile episode of 4 days) ; 8 ml 
of racoon blood at this time were transferred to a fresh dog without causing reaction 
The latter proved susceptible to challenge after 48 days (see Fig. 8). This racoon 
was sacrificed on the 19th day and the nodes again were noninfectious to a later 
proved susceptible dog. Further proof of the exposure was afforded in this instance 
when a suspension of some 500 flukes recovered at necropsy from this racoon caused 


a characteristic fatal infection when injected into another dog 


INSUSCEPTIBILITY OF RACOONS TO SALMON POISONING AGENT. 
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The remaining two racoons from Oregon and Florida were injected with 3 and 
5 ml. of infectious dog node suspensions that caused disease in the control dog 


Kach racoon also developed slight elevation in temperature, one for 4 days of 39.2 


to 39.8 beginning on the 7th day, and the other for 2 days of 39.6 and 39.8 beginning 
on the 3rd day (Fig. 2). Krom each, during these episodes, 4 and 8 ml., respectively, 
of heparinized heart blood were injected into fresh dogs; one remained normal for 
41 days and was proved susceptible. The other was afebrile for 24 days and died 
of intercurrent causes without lesions indicative of salmon poisoning at necropsy 
On the 5th and &th days, respectively, following transfer of blood (15th and 13th 
after injection), these two racoons were sacrificed. No obvious gross lesions were 
evident in either. The nodes of each were injected into dogs without effect on the 


temperature for 38 and 41 days. Both proved susceptible to challenge 








132 THE JOURNAL OF PARASITOLOGY 


One cannot say from these experiments that racoon tissues are never infectious 
aiter exposure, but the evidence is presumptive that these animals are refractory to 
infection and would be difficult to fit into the picture of the natural cycle 

Other animals, including the usual laboratory ones, have also been tested for 
susceptibility. Simms ef al, (1931b) state without experimental details as follows: 
“Two bob cats exhibited a slight loss of appetite on the sixth day after experimental 
feeding. ‘This lasted for 3 days. Neither animal was visibly sick, however. The 
one bear, a cub estimated to be 3 months old, which was ied, lost weight after infesta 
tion. It showed no other effects and gradually returned to good physical condition. 
In all the other experimentally fed animals not belonging to the Canidae family no 
symptoms whatever have been observed.” The further undetailed statement is made 
by them (1932) that “one guinea pig, one white rat, one rabbit were injected 
intraperitoneally with blood from a sick dog [with] 1 cc each . results were 
negative.’ 

In addition to dogs and foxes which were experimentally infected by Cordy and 
Gorham (1950), using inoculums of duplicate material in appropriate amounts, they 
failed to produce symptoms in four mink, two cats, seven guinea pigs, and ten ham 
sters. A series of three passages in mice of 3—5 weeks of age was attempted by them 
by each of three routes—intraperitoneal, intracranial, and intranasal. “At no time 
were gross lesions apparent in any mice” in blind passages at unstated intervals. 
Krom the published date of sacrifice of the third passage it is assumed that about 
4-day intervals intervened, Pooled tissues of the third passage caused disease when 
injected into a dog and a fox 

We have attempted adaptation of the agent to guinea pigs, hamsters, and mice 
with indifferent success (Philip et al, 1954a). The initial injections of fresh dog- 
node suspensions have usually resulted in mesenteric node involvement in these ani 
mals and observable organisms in imprints at sacrifice, but such involvement retro- 
gresses on continued passage. In one instance, nodes of first passage mice were 


infectious when put back into dogs 39 days after injection of the mice. 


THe “EXTRAVERTEBRATE CYCLE” OF THE AGENT 

Since a continuous “cycle” of the etiologic agent from the definitive, homoio- 
thermic canine hosts to the poikilothermic fish hosts of the next fluke generation 
has not been shown, the title of this section is as yet presumptive or almost entirely 
speculative. This and explanation of the “reservoir” of this disease agent form the 
greatest lacunae in our knowledge of the epizootiology of this malady. He who 
cracks the “reservoir nut” will have made a major contribution to the understanding 
of this animal disease, and perhaps to others as well. 

The reservoir In the adequately known acarid-borne human rickettsioses, 
the tick and mite vectors are probably the most important reservoirs of the disease 
agents (Philip, 1948). Conversely, louse-borne epidemic typhus and trench fever 
probably have their reservoir in the vertebrate host, namely man, in view of the 
recent, growing information of Brill’s disease and trench fever (e.g., Murray and 
Snyder, 1953: Mooser et al., 1948). 


The concept “reservoir” is a much overworked and abused idea which has come to be 
almost a “must” in all discussions of infections induced by some vector—aided and abetted by 
tables which include a column under this heading. No pun is intended when the author states 
he uses the term with “reservation.” 
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One of the still unanswered pertinent questions in most rickettsioses pertains 
to whether animals harboring the agent for long periods of time after infection 
(“premunition” of Old World authors) can serve as a source of infection for cus 
tomary invertebrate parasites during this latent period. ‘Though it has been shown 
that recrudescences of the above two diseases in man provide infection for feeding 
body lice, it is not known if demonstrable persisting infection, for example, of en- 
demic typhus (Philip and Parker, 1938: Lepine and Sautter, 1936) or tsutsuga 
mushi disease (Fox, 1948) in rodents after their recovery, will infect appropriate 
ectoparasites, 

Meager information suggests that the salmon poisoning agent is not demon 
strable at least in recovered infected dogs, very long after defervescence lhe 
chiet difficulty in testing this question is the paucity of recoveries for such tests 
without therapeutic intervention which might affect longevity of the agent in the 
tissues of recovered animals. In one instance, one of our dogs that recovered 
spontaneously after 9 days of a severe febrile episode and clinical illness following 
feeding of fish, was given two more such feedings and sacrificed on the 56th d-y 
following the last feeding and 98th after defervescence. No gross and microscopt 
lesions were present at this time. A suspension of the nodes injected into a fresh 
dog did not cause infection, and this transfer animal was proved susceptible 42 days 
later. This occurred in spite’ of the fact that adult flukes recovered from the in 
testine of the original animal at necropsy were shown to be infectious when injected 
into a fresh dog. This, incidentally, further incriminates the fluke as an important 
factor in maintenance of the agent. 

Of four dogs used in attempted lyophilization of the agent, discussed later, 
three died and one recovered spontaneously after a severe febrile episode. This 
was sacrificed 22 days after defervescence and about 2 weeks after return to normal 
appetite. A pool of node, spleen, and liver tissues, plus two washed Peyer's patches 
from the intestine, was injected into,a fresh dog without causing infection of 
immunity. 

Another dog recovered after treatment with one 250 mg. dose of aureomycin, 
though there was a probable relapse after about a week (see Fig. 8). Recovery 
was slow without further medication. It was then sacrificed 23 days after the 
second febrile episode, and a pool of tissues similar to the above but including 
brain was transferred to a fresh dog which remained afebrile and was proved 
susceptible, 

If dogs can be considered representative of susceptible warm-blooded hosts 
of this disease agent, it appears unlikely that there is a homoiothermic vertebrate 
reservoir. The fluke vector will more probably be cast in this role as evidence 
accumulates. 

The “cycle” in vector flukes. Technical difficulties have complicated laboratory 
elucidation of what happens to the etiologic agent in the extra-vertebrate stages of 
the fluke. Adults recovered from the small intestine of infected dogs were early 
shown by Donham and his colleagues to be infectious when injected into other 
dogs. This has been confirmed by us on three oceasions using suspensions of 
washed flukes which were ground after 24 to 48 hours’ storage either at room temper 
ature or in a 37° C incubator. Surviving organisms from the host gut as contami 


nants external to the flukes do not seem likely since we have reported (Philip et al 











134 THE JOURNAL OF PARASITOLOGY 


1954b) the failure of fresh fluke suspensions to remain infectious for even 2 hours 
during an attempted filtration experiment 

The recovery of fluke eggs from fecal material from fish-fed dogs repeatedly 
has been reported (e.g., Simms et al., 1931b). It seems strange, therefore, that 
no attempts have been made previous to ours (1954b) to test for presence of infec- 
tion in fluke eggs In one test, an estimated 14,000 eggs held at room temperature 
for 30 days were ground in an agate mortar, suspended in heart infusion broth, 
and injected into a dog. In another test, some 51,000 eggs were recovered by incu- 
bation of parent flukes in physiological saline for 48 hours, and a suspension in 
0.2 per cent buffered beef albumin was then injected into a fresh dog. Neither of 
these animals developed infection, and after 27 and 57 days, respectively, both 
were found susceptible on challenge 

In the second instance, the only cooling that occurred was during the hour used 


to harvest the flukes from the intestine of the host dog in warm saline, and later 





Fic. 3. Diagrammatic drawing of the simple armed, stub-tailed cercaria of Nanophyetus sal- 
mincola 
after incubation, during not more than half an hour required to wash, concentrate 
the eggs by centrifugation, and prepare the suspension. This procedure was 
intended to minimize the chance that some qualitative change might have occurred 
in the agent, if present in the eggs, analogous to that known to occur in the case of 
Rickettsia rickettsu in refrigerated or fasting ticks (Price, 1954) 

Attempts were also made by us (1954b) to demonstrate infection in the imma 
ture stages of Goniobasis snails from the enzootic area. Two previous reports of 
the injection of snails into dogs have indicated failure of this source to be infec- 
tious, but without giving details of adequate identification of the cercariae, or of 
clinical data on the test animals. There are now known to be some five species 


of fluke cercariae occurring in Oregon Goniobasis silicula but the correctly associ- 
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ated one is a stub-tailed cercaria with simple stylet* (Fig. 3), incapable of swim 
ming as described by Sinitsin (1930) and confirmed by Bennington (1951) 
Jennington observed penetration of fish by these cercariae. ‘Though he found 
parasitism by only one fluke species in any given snail, we have found two species 
in the same snail in a number of dissections. We have confirmed previous reports 
that only the larger snail specimens carry Nanophyetus stages, and have found that 
the number of snails in a given batch that yield identifiable cercariae of this species 


is relatively small. One snail, however, may have such immense numbers of rediae 
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Fic. 4. Variation in incubation periods of dogs exposed to different routes or dosage 
of salmon poisoning infection 


and cercariae that the liver tissue appears to be almost entirely filled with them 
Because this is a result of secondary polyembryonic increase in numbers in the 
snail, the number of miracidia originally penetrating the snail's tissues probably 
has an important bearing on attempts to demonstrate the presence of the salmon 
poisoning agent. 

It seems possible from the trematode literature most recently summarized by 
Byrd and Scofield (1954) and Cort et al. (1954) regarding the astounding cer 
carial production in snails parasitized by but one observed miracidium, that only 
one or even a few Nanophyetus miracidia were responsible for the large number 
of cercariae obtained in our individual snail dissections. If true, then we were 
extremely fortunate to obtain even two positive tests in five attempts using small 


numbers of snails described below, or else the rate of infection in the original mira 


cidia was very high. As a comparative example, the spotted fever infection rate 
4 Wallace, 1935, has reported the cercaria as unarmed and uses this character as one to 
differentiate his Sellacotyle mustelae. ‘Except for size, the two cercariae must be morpho 


logically very similar 
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of individual ticks in the Bitterroot Valley has been found to average about one 
to two percesst. In further colMparison with the tick vector of spotted fever, it 
is hypothetically likely that proliferation of the salmon poisoning agent occurs dur- 
ing polyembryonic increase in the immature flukes in the snail host 

Bennington (1951) observed escaping cercariae from snails, giving an appear 
ance of mucoid strings in the water with which the fish come in contact in becoming 
parasitized, We have been unable to reproduce the specialized aquarial conditions 
required to complete these phases of the cycle 

Three of five of our tests (1954b) by injection of snail livers containing ano- 
phyetus cercariae were without effect on later proved susceptible dogs. We were 
surprised, however, in the other two instances, to have the test animals develop se 
vere characteristic syndromes after the extremely long incubation periods of 28 and 
33 days (Fig. 4). Both were confirmed by histopathologic examination and by 
finding rickettsialike organisms in node imprint cells. Node transfers in series 
from one resulted in shortened, customary incubation periods of 7 and 4 days. We 
have discussed elsewhere (1954b) our belief that these could not have been con 
tracted other than from the original inoculums. Nevertheless, these results will need 
repeating before it can be said that infection in the cercarial stage of Nanophyetus 
has been demonstrated. These long incubation periods, if confirmed, emphasize 
needed precautions in discontinuing the taking of temperatures or the challenging of 
test animals too soon and raise questions regarding some of the earlier investigations 
reported merely as “negative.” 

The 19-day incubation of the dog, which was given the high titer of node suspen 
sion of 10%", in a titration test discussed below, is also suggestive in this regard 
Furthermore, there are verbal reports from the veterinarians practicing in the enzo- 
otic area that long incubation periods can occur. Simms and Muth (1934) reported 
symptoms developing as late as 16 days and in one instance one that remained “ap- 
parently normal until the 30th day following injection [of infectious and hyperim 
mune blood]. It then sickened and death occurred on the 39th day” (presumably 
of salmon poisoning disease). Cordy and Gorham (1950) report an experience of 
a fox raiser whose animals did not show symptoms until about 60 days after the 
feeding of fish scraps though doubt is raised in a footnote about intermediate 


feedings 


OTHER OBSERVATIONS ON THE EXPERIMENTAL INFECTION IN Docs 


The literature of the arthropod-borne rickettsioses is extensive on the titerability 
of the various agents in small laboratory animals. Probably the cost in dogs has 
discouraged this obvious investigation of the salmon poisoning agent. In the only 
test so far, we used (1954b) five littermate, weanling beagles to receive tenfold dilu 
tions (10% to 10°") of a 20 percent fresh node suspension in sterile milk diluted 
in 0.2 percent buffered beef albumin. All were fatally infected and showed increas 
ing incubation periods with higher dilutions (Fig. 4). While this test did not pro 
vide an end point, the long incubation period of 19 days in the highest titer naturally 
makes one wonder if dilution by another log would have been infectious. Even this 
dilution compares favorably with reported titrations of some other rickettsioses. 


These results suggest that low dosage may have been a factor in producing the 








PHILIP—THERE’S ALWAYS SOMETHING NEU 137 


long incubation periods in dogs tested with snails and ticks reported elsewhere in 
this discussion. 

The fact that fish feeding to dogs ordinarily results in a 6- to 7-day incubation 
on the average suggests that dosage from this source is not minimal. ‘The vector 
flukes continuously in situ presumably would increase the quantitative exposure 
of the host, even though there is not much evidence of damage to the intestinal tissue 
due to the fluke parasites themselves. 

We are accustomed to thinking in terms of rapid feeding of biting flies, or the 
longer feeding of ixodid tick vectors of diseases. ‘These arthropods we can manipu 
late and watch during experimental infection of the victim. In some cases, there 
is either regurgitation or the injection of a salivary or anticoagulin secretion into 


the site of bite. In others, the bite wound is contaminated by the feces of the vector 





Fic. 5. Section of small intestine of dog infected by fish feeding, showing adult fluke with 
mucosal tissue in oral sucker 
Trying to visualize just how the Nanophyetus fluke accomplishes the infection of it 
canine host rather intrigues the imagination. The grasping of gut tissue by the 
oral sucker of Nanophyetus is shown in a fortunate microscopic section by Dr. W. J 
Hadlow (Fig. 5). But the presence of organisms in cells of villi adjoining em 
bedded, sectioned flukes does not explain how the flukes introduce the initial infec 
tion into the tissues of the host. This perhaps is academic, but nevertheless intri 
guing to a medical entomologist, the more so because, while some mosquitoes and 
horseflies take a violent objection to being caged to do their parasitizing under obser 
vation certainly the lowly fluke can hardly be bothered by claustrophobia. llowever, 
we have little hope of determining by observation if it is oral or excretory seere 


tions of the fluke that are the undoing of the canine host——at least until we locate 








138 THE JOURNAL OF PARASITOLOGY 


the residence of the organisms in the flukes, which we've been unable to do in study 


of sections of flukes in situ thus far. 


(OBSERVATIONS ON THE EI: TIOLOGIC AGEN’ 


The intracytoplasmic rickettsialike organisms are readily observed in reticulo- 
endothelial cells of the lymphocytic system where they were first discovered by 
Cordy and Gorham (1950). As early as 1933, Simms and Muth had suggested 
that rickettsiae or haemosporidia might be the cause, and it is now understandable 
why none of the early investigators were able to cultivate any agent. It is strange, 
however, that these parasites were not discovered previous to 1950 in preparations 
of cells of obviously affected node tissue (organisms have been seen as well in 
reticulo-endothelial cells in sections of several other tissues, notably the small 
intestine and thymus ). 

Cordy and Gorham concluded that the parasites belonged in the order RickeT1 


1\LeS, but also suggested that the lack of an arthropod vector and of parasitization 





@ : 

Fic. 6. Intracytoplasmic Neorickettsia helminthoeca in a macrophage in a Giemsa-stained 
imprint of mesenteric lymph node of infected dog (* 1500) 

Fic, 7, Pleomorphic forms of N. helminthoeca in Giemsa-stained cell of node imprint 
Same magnification as Fig. 6 
of erythrocytes classified them in the family CuLAmypozoackAk. This conclusion 
was further supported by their later studies (1951) of susceptibility to a broader 
spectrum of antibiotics than the typical RICKETTSIACEAE. 

Ina report to the Rome Microbiological Congress ( Philip, Hadlow, and Hughes, 
1953), we proposed the name Neorickettsia helminthoeca, and considered that the 
family RICKETTSIACEAE Was an appropriate assignment, with the minor change of 
a family characteristic from “arthropod-borne” to “invertebrate-borne.” The 
author further considers that this agent can logically be related to a group of animal 
disease agents chiefly in Africa, e.g., Cowdria ruminantium of heartwater ; Ehrlichia 
spp., parasitizing circulating monocytes of the vertebrate hosts; Colesiota spp., 
causing conjunctivitis of a number of animals ; and further that a tribe EurvicHreat 


may be erected for them to contrast with a tribe RiCKETTSIEAE comprising the more 
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typical typhuslike rickettsiae of the genera Rickettsia and Coxiella, Most of these 
organisms were originally described in the genus Rickettsia sensu latu 

The adaptation of the salmon poisoning agent to the complicated cycle of a 
helminth vector was deemed adequate to distinguish it on a generic level 

The most numerous forms seen are coccoid or coccobacillary bodies of about 
0.3 microns thickness scattered through the cytoplasm of parasitized cells, or less 
often as single, or multiple colonies, or morulalike clumps. Occasionally, pleo 
morphic forms (Figs. 6 and 7) may be seen such as rods of varying lengths up to 
2 microns, sometimes bent in crescents, or even in rings. In only one obviously 
infected dog in our experimental series have we failed to find organisms at least 
in tissue sections. In node imprint preparations, the organisms stained bluish with 
Giemsa, both blue and reddish with Macchiavello’s stain, and were Gram negative 

Infected node suspensions provided no growth on any of the ordinary bacterio 
logical media (Pernot, 1911, also tried cultivating tissues from parasitized fish in 
several media without successful isolation of an etiologic agent) and our limited 
attempts to adapt the agent to tissue culture in minced chicken embryo in Ringer's 
solution or Zinsser-Plotz flasks have been unsuccessful. Inoculation of 5-day em 
bryonated chicken eggs plus blind passage for as many as six generations has failed 
to provide growth of the agent or infection in two subinoculated dogs——one after 
the first egg passage and one after the second. In two attempts, eggs were given 
750 and 1000 roentgen units by X ray prior to inoculation, after the method of 
increasing susceptibility to rickettsial agents advised by Greiff and Pinkerton 
(1954). 

The other properties of the agent under various conditions of stress have been 
only partially investigated because of the prohibitive expenditure of dogs. Simms 
and Muth (1934) reported positive results: following injection of dogs with saline 
suspensions of blood cells washed 16 times and, in 1 of 5 tests, of red blood cell: 
separated by differential centrifugation 3 times; “whole virus blood [citrated 7} 
heated to 127° F for 2 minutes ;” “frozen blood” stored 29 min. at 12° F and 20 
hours at 15° F; and blood [citrated?] stored 24 and 48 hours at approximately 
40° F. They have reported negative tests with serum centrifugalized at 2000 rpm 
4 times for 30 minutes in 6 repetitive tests, blood dried at 98° F for 8 and 24 hours, 
blood frozen 2 and 8 days at 12 to 20° F, blood heated to 140° F for 5 minutes, 
blood stored for 2 days at 40° F in 0.5 percent phenol, blood held 36 days at 37° F, 
blood mixed in vitro with hyperimmune blood in different mixtures, time and 
temperature ratios, and blood from a freshly caught, parasitized chinook salmon 
(confirming previous tests of this material). Simms et al. (1931b) also reported 
failure of intestinal contents from a fatally infected dog to infect a fresh dog when 
introduced by stomach tube. Unfortunately, the protocols of their reported nega 
tive tests are insufficient in most instances for critical evaluation. ‘Though reaction 
to challenge is indicated, the original infectiousness and the length of time before 
challenge is not stated to preclude possibility of a long incubation period such as we 
have encountered. 

Simms and Muth (1934) report lack of kennel contact infections in some “500 
susceptible dogs which have either been penned with sick animals or been placed 


in [contaminated] cages and yards” using unsterilized feed and water pans 
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The accumulating evidence suggests that N. helminthoeca is not a very rugged 
or persistent agent when under stress, or not protected by host cells 

Immunity. N. helminthoeca produces specific immunity in canines recovered 
from salmon poisoning infection which appears to be solid and lasting. A propor- 
tion of a considerable series of dogs used in immunization studies by Simms and his 
colleagues has been immune after recovering from infections induced by various 
tissue vaccines in which the virulence had been reduced. Dogs recovered after drug 
treatment discussed later also resist infectious challenge. In occasional instances 
we have noted that attenuation has resulted in less severe disease under certain 
circumstances of handling or storing infectious inoculums, but the test dogs have 
been fully immune to challenge. The time and infectiousness of challenge after 
original exposure of test animals are important for evaluation of negative information 
also. It is unfortunate that we have been unable to investigate immunological rela- 
tionships to some of the African rickettsioses of animals. 

No satisfactory filtration experiments have been reported. Pernot (1911) 
reported negative results with a filtrate of a trout “kidney” suspension. Simms 
and Muth (1934) put suspensions of ground flukes (presumably adults) and of 
various preparations of blood through both Seitz and Mandler filters. The result- 
ing filtrates caused no disease in susceptible dogs. Since no details of time intervals 
and infection controls are given, the results cannot be critically evaluated. Our 
one attempt to pass a saline suspension of 3000 freshly ground adult flukes through 
an ultra-fine sintered glass filter was invalidated because the unfiltered control 
suspension did not remain infectious through the 2 hours required for the operation. 
Immediate injection of freshly harvested flukes from infected dogs has always 
produced infection, 

N. helminthoeca remains infectious in dog nodes, frozen and stored at — 20° C 
for at least 158 days, and dogs infected at varying intermediate periods showed 
only slightly longer incubation periods on the average than those injected with 
fresh suspensions (Fig. 4). Persistence was also demonstrated in 20 percent node 
suspension lyophilized in sterile milk. After 3!4 months, injection of reconstituted 
suspension resulted in deaths of three dogs, though a fourth recovered. 

Attempts to prepare an antigen from heavily infected node tissues have been 
unsuccessful due to masking of agglutination and complement-fixation results by 
nonspecific reactions, using hyperimmune dog serum. Serological studies will 
have to await successful cultivation of the agent by other means. Intravenous 
injection of mice with both infected and “normal” dog node suspensions is fatal 
and thus provided no answer on a possible mouse toxin test. 

Ehrlichia canis Donatien and Lestoquard, first described as a tick-borne rickett- 
sialike organism (and originally assigned to Rickettsia) in North Africa, has 
some affinities with the present disease agent, but it is a parasite of the circulating 
monocytes of the canine hosts; the striking gross affection of lymphoid tissues of 
infected dogs is not emphasized, and the characteristic diarrhea and vomiting ob 
served in salmon poisoning disease has not been reported in that disease. FE. canis 
is described as transovarially transmitted in the brown dog tick, Rhipicephalus 
sanguineus, and naturally infected ticks have been reported. 


We have received preparations of F. canis through the kindness of Donatien 


who, with Lestoquard, compared this agent with other animal rickettsioses (1937) 
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He and Lestoquard (1940) have figured an evolutive cycle in the cytoplasm of 
monocytes showing gradations from massive initial bodies to granular elementary 
bodies unlike any of our preparations of NV. helminthoeca, These authors report 
latency of the infection whereby relapse may be provoked by splenectomy, and 
Neitz and Thomas (1938) showed jackal blood to remain infectious for 112 days 
after an inapparent infection. Tests of dogs recovered of salmon poisoning have 
so far shown no such latency, though splenectomy has not been tried. While the 
African disease is reported from several parts of that continent, we have so tar 
been unable to obtain a strain for comparative studies with the salmon poisoning 
agent. 

Tick transmission tests with N. helminthoeca. Since transfer of blood from 
sick dogs has been shown to be infectious, attempted tick transmission was obvi 
ously required to further study the relationship to /:. canis. Testing the infectious 
ness of canine blood, Simms et al. (1932) infected 16 dogs in series after periods of 6 
to 14 days in the donors and in amounts of 0.1 to 5 ml. One recovered, 4 were sac 
rificed and the remainder died. Pernot (1911) was apparently the first to show 
that transfer of “a fraction of a drop of blood” from a sick dog caused disease in 
a transfer dog 9 days later. We have confirmed this in one test, causing infection 
with 4 ml. of blood taken on the third day of fever of the donor (Philip et a/. 1954a), 

Work with tick transmission has been slow because of developmental require 
ments of ticks, and results still remain equivocal since first reported by us (Philip 
et al., 1954a). In all, we have used 17 dogs to test transmission by feeding or 
injection of active stages of three species of ticks, Dermacentor andersoni from our 
western U.S. clean laboratory stock, and Haemaphysalis leachu, and Kk. sanguineus 
collected by the author off dogs in Kenya and Egypt in 1953. Adults of the first 
completed engorgement on the fifth day of fever on a donor, but some 500 larval 
progeny failed to infect a fresh dog by feeding and it was found susceptible 107 
days later. A suspension of 17 males removed with the parent female ticks off 
the donor also failed to infect a dog when injected; it was proved susceptible 32 
days later, About 200 resultant nymphs again gave negative results when fed on 
a dog which was found susceptible after 37 days of observation, and 11 engorged 
nymphs when injected into another dog were also negative. Resulting adult ticks 
again were negative both by feeding on or injection into susceptible dogs. A second 
line was started with the feeding of D. andersoni nymphs through 7 days of fever 
ona donor. Fifty resultant adults fed on a fresh dog without causing reaction and 
this animal was susceptible to challenge on the 108th day 

Another donor was used to feed simultaneously //, leachii and Kh. sanguineus 
adults. All fed through 4 days of fever as diagrammed in Table I. Approximately 
500 nymphs of the former engorged on a fresh dog and a suspension of 50 en 
gorged ones was injected into another. Neither developed salmon poisoning and 
both proved susceptible 125 days later. No further tests were attempted with 
this line. 

Some 300 larval progeny of R. sanguineus adults fed on the above donor, en 
gorged on a guinea pig and 100 of these were immediately injected into another. 
There was no reaction in either and both died after challenge 82 and 70 days later 


About 50 resultant nymphs were fed on a dog which developed a fever of 5 days’ 


duration on the 22nd day and died 5 days later with characteristic severe symptoms 
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Necropsy revealed typical lesions and rickettsiae were found in node imprints. 
This dog had been kept isolated in a clean monkey cage so that this infection could 
not have been due to kennel contact. The resulting adults were divided between 
two fresh dogs for feeding. One remained afebrile 70 days and when challenged, 
had a severe illness but recovered. The other developed a typical severe illness 
with 3 days of fever 33 days after attachment of the ticks and it died 5 days later. 


TABLE |, TESTS OF TICK TRANSMISSION 
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Pathological changes and node imprints were confirmatory of salmon poisoning 
disease \ third dog was injected with 27 male /’. sanguineus off these two dogs 
and it developed 3 days of fever beginning on the 18th day, anorexia and diarrhea, 
but recovered, It was challenged on the 34th day but died afebrile 8 days later 
of unknown causes and without suggestive gross and microscopic changes. Four 
other dogs challenged with the same moculum developed fevers one and two days 
prior to this dog's death. Further tests with this line of . sanguineus remain to 
be done, All the above dogs were kept isolated from kennel mates 

Since the original tests with /’. sanguineus larvae were negative, the results 
of the tests of later stages will need confirmation before it can be said that these 
long incubation periods resulted from tick transmission 

Mechanical transmission was also demonstrated in one instance in which adult 
females of //. leachii failed to complete engorgement on a fatally infected donor 
and were transferred with males to a fresh dog. After 9 days’ incubation, this 


animal developed 3 days of fever and anorexia; on sacrifice it showed characteristic 


gross and microscopic lesions. Tests of this line are in progress 
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; oe : ; 
Since the original stock of RK. sanguineus was taken from mongrel dogs in the 


Cairo City Pound, Egypt, there was concern that some complicating imtection 
was resident in these laboratory descendants, particularly considering the negative 
larval tests. However, the gross and microscopic findings were characteristic ot 
salmon poisoning disease and not of canine tick-borne biliary fever, canine rickett 
siosis, or leishmaniasis. Examination of blood smears at the height of tevet 
showed no evidence of Babesia canis, or of anemia associated with the first and 
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DAYS AFTER CHALLENGE WITH NODE SUSPENSION 

ic. 8. Temperature curve of dog challenged with infected node suspension and 
orally one commercial capsule of aureomycin on the 4th day of fever The animal 
apparent relapse without further treatment but recovered 

Antilotic activity V. helminthoeca shows a broader spectrum of suscepti 
bility to drugs than the typical typhus-like rickettsiae. Cordy and Gorham (1951) 
and we (1954a) have confirmed the finding of Coon et al, (1938) and others of 
the efficacy of sulfonamides in treatment of salmon poisoning in dogs 

Cordy and Gorham also reported successful treatment of infected dogs by each 
of the following: a total of 40 mg. subcutaneously of aureomycin in divided dose 
at 12-hour intervals, a total of 400,000 units of penicillin G intramuscularly in 3 
daily doses, a total of about 600 mg. per kg in divided oral doses of chloromycetin 
for 7 days, and 2 saved of 4 dogs which received a total of 2.5 and 5 gm. of dihydro 
streptomycin intramuscularly in divided doses twice daily for 5 days. All controls 


died except one which was sacrificed for passage. The time during infection when 
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drug was initiated was not stated but in proportionate dosage, aureomycin was 
superior in their tests. 

We confirmed the effectiveness of aureomycin and chloromycetin given orally 
in varying doses and added terramycin to the list. In 15-pound beagles, the admin- 
istration of 2 commercial capsules of 250 mg. each of aureomycin and terramycin 
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DAYS AFTER INFECTED EXPOSURE 


Fic. 9. Temperature curves of 2 infected dogs, one challenged with node suspension, the 


other fish fed, and each recovering after treatment with one commercial capsule of antibiotic. 
given orally 8 hours apart as late as the third and fourth days of fever is followed 
by immediate drop in fever and dramatic subsidence of other clinical symptoms, 
plus return of appetite in 24 to 48 hours in the treated dogs, in contrast to pro- 
gressively failing controls. As little as one 250-mg. capsule of each drug (at the 


rate of 37 mg. per kg.) has saved beagles (Figs. 8 and 9), although one dog had 
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an apparent relapse of symptoms and fever. This dog was sacrificed 23 days alter 
return to normal temperatures, and transfer of a pool of tissues failed to infect a 
dog proved susceptible after 52 days, indicating that there had not been a survival 
of demonstrable organisms in spite of the relapse. 

It is evident that NV. helminthoeca is very sensitive at least to certain of these 
antibiotics but its characteristics of reactivity do not appear sufficient to preclude 
its classification in the family RiICKETTSIACEAE. 

On the contrary, heavy dosage is not necessarily immediately rickettsiacidal, 
for the nodes of a dog sacrificed 5 days after cessation of treatment caused virulent 
infection on transfer to a fresh animal. ‘Treatment had consisted of a loading dose 


of 250 mg. of terramycin on the 3rd day of fever and 625 mg. in divided doses over 


the next 2 days. Erythromycin in 250 and 350 mg. amounts failed to save two 


other infected dogs. 


DISCUSSION 


The foregoing discussion is not intended as a review of progress to date on 
the problem of salmon poisoning disease of dogs per se, but rather to provide 
sufficient background information, including our own recent investigations, to pose 
av example of « relatively new field for exploration, viz., the role of endoparasites 
in the transmission of infectious disease of the higher animals. This is the only 
rickettsialike disease agent known to date to have become adapted to a helminth 
vector. Theoretically, it might be expected that substitution by N. helminthoeca 
of a parasitic fluke with its complicated host requirements for a simple arthropod 
vector as an essential intermediate host (as observed in so many related, well-known 
rickettsial agents) would increase considerably the hazards of perpetuation. ‘That 
the adaptation is an efficient one, however, is evidenced in the enzootic area by the 
high proportion of parasitized fish that carry infected flukes. 

If previous hypotheses are correct that the rickettsialike pathogens evolved 
originally from symbiotic relationship with ancient arthropods, and that some 
became pathogenic for vertebrates through the parasitic habits of their arthropod 
hosts, it would appear likely that N. helminthoeca is a very recent adaptation 
phylogenetically. It is even conceivable that this agent included at one time an 
arthropod among its invertebrate hosts, since we have found sporadic, inconsistent 
transmission by ticks including one instance of apparent transovarial passage to 
a succeeding generation. 

Actually, it is the novelty of the idea that an endoparasite should act as a vector 
of a microbial pathogen that is so startling, not because it isn’t perfectly logical, 
but because we are so used to thinking in terms of the mechanism of ectoparasites 
as vectors, 

As Shope (1948) has pointed out in comparing the vector mechanism of the 
salmon poisoning agent with two previously discovered agents—one a protozoan, 
the other a virus—transmitted to vertebrates by nematodes : “ the epidemiological 
mechanism involved is so admirably suited to insure the prolonged survival of each 
of the diseases that it would be strange indeed if Nature abandoned such a mechanism 
after only three applications. My guess is that other cases in which helminths 
serve as intermediate hosts will be discovered.” 

A comparison of these widely different pathogens phylogenetically is given 
in Table II. The protozoan is a flagellate of the animal kingdom causing black 
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head of fowl, the other two are classified in the plant kingdom, namely, virus 
causing swine influenza, and the rickettsialike agent causing the salmon poisoning 
disease of canines we have been discussing. No representative of the bacteria 
proper has been discovered as yet adapted to perpetuation by helminths. I say 
“as yet” because it seems quite possible that such a relationship will eventually 
be found considering the high level, systematic divergence of the above three 
agents already known. Bacteria, however, have provided an interesting part in 
the pathogenicity of the swine influenza virus, for, as Shope reports (1948), this 
virus only becomes virulent in the presence of Haemophilus influenzae suis as an 
mcitor 


Time does not permit presenting the fascinating history in unravelling the 


Taste Il—Comparison of three helminth-borne microbial diseases 


Name of disease Blackhead of turkeys Swine influenza aa oF 
ennin _ 


Kingdom Animal Plant Plant 
Phylum Protozoa Schizophyta 
fo . 
Class Mastigophora (flagellates) [Vira] (provisional) Schizomycetes bacteria 
(virus and rickettsiae) proper, none known ) 


“ 

Order Khizomastigina Virales Rickettsiales 

Family Mastigamoebidae Charonaceae*® Rickettsiaceae 

Genus Histomonas Tyzzer Tarpeia Holmes* Neorickettsia Philip et al 

Species meleagridia Smith alpha Holmes* 4 helminthoeca Philip et al 

Definitive host Purkeys (and other fowl) Swine Canidae 

Helminth vector Hicterakia galtlinae Vetastrongylus apri Nanophyetua salmincola 

(nematode) (lungworm) (fluke) 

Helminth hosts (sume as definitive) Lumbricidae Goniobasia snails, 
(earthworms) Salmonidae fish 

“Masked virus’ in: Nematode eggs? Nematode eggs, larvae Fluke egus? 


* Holmes’ sclentifie names for viruses not officially accepted as yet Furthermore, the family 
name is based on the preoccupied genus Charon Holmes (see Becker, 1951, Int. Bull. Bact. Nomen. 
Tax., 12 105) and will have to be replaced if Holmes’ animal virus names are validated There is 
the additional unfortunate situation that Tarpeia Holmes, though not preoccupied under the Rules, 
is nevertheless only an orthographic variant of Tarpeius Stal (1867, Hemiptera) 

t An inettor, Haemophilus influenzae suis needed to activate virulence 
tangled skein of the eventually-proven helminth transmission of these other two 
microbial diseases or of the clever deductions that led to the discovery of this 
helminth-vector mechanism. 

Comment must be added here, however, on one factor which Shope (1954) 
called the “masked” or occult virus in the cycle of swine influenza between the 
seasonal appearances of frank infections in the fall. The evidence he presents 
for persistence of an undemonstrable phase of the virus in the eggs and larvae of 
the helminth vector appears conclusive, though one could wish that others would 
verify his intriguing conclusions on so complicated a problem. In the case of the 
Histomonas protozoan organism, it is interesting to note that, while probably not 
analogous to the foregoing, Iyzzer was never able to find the parasites in the eggs 
of infective cecal worms though he did observe them in newly hatched larvae 

Some analogy holds true in the salmon poisoning agent since we were unable 
in two limited tests to transmit infection by injection into dogs of large numbers 


of eggs from adult flukes recovered from dogs with severe infections. The crucial 


experiment here will have to await completion in the laboratory of the fluke cycle 


and the eventual infection of dogs by adult flukes reared from eggs, aliquot portions 
of which have been tested by injection before hatching. 
It may be pertinent to call attention here to peculiarities of two other rickettsial 


agents, namely, the “inactivation-reactivation phenomenon” or qualitative change 
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in the virulence of Rickettsia rickettstt of spotted fever in fasting or hibernating 
ticks as confirmed by Price (1954), and the remarkable filterability of Co.xtella 
burnetii of Q fever in which filtrates, and supernates after prolonged centrifugation, 
remain infectious ( Davis and Cox, 1938), though no organisms can be demonstrated 
in microscopic preparations of “concentrates” of these 

It is not difficult to visualize that information in this new field of helminth 
borne microbial diseases is still in the pioneer stages, and that many fascinating 
developments await the future. In this respect, the title of this discourse, there’s 


always something new under the parasitological sun, seems justified. 
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During September (1952) Dr. Frank Hayes, Veterinary School, University 


of Georgia, made available a small collection of cestode fragments which had been 


recovered from a collie dog at Wilmington, North Carolina, by Dr. RK. P. Huffman 
Since the collie had been brought to Wilmington from South Dakota a short time 
prior to the removal of the worms, the exact geographical origin of the parasite 
is unknown. The writers wish to thank Dr. Hayes for making the material 
available. 

Only a single species of tapeworm is present, and fragments of seven worms 
occur in the collection. Lach scolex carries a rather long chain of segments although 
no complete, unbroken specimen is recognized. The fragments range in length from 
a single gravid segment to a piece measuring 280 mm. Three of the scoleces, and 
their attached segments, are triradiated throughout while the remaining four speci 
mens are normal in this respect. A hasty identification of Taenia pisiformis Bloch, 
1780, was made originally by Byrd and Fite (1953) although after a more extensive 
study the material is identified as Multiceps packi Christenson, 1929. ‘This later 
identification is made despite the fact that Clapham (1942) presented evidence 
which rather convincingly suggested M. packi to be a synonym of M. multiceps 
(Leske, 1780). 

Multiceps packi Christenson, 1929 
(Figures 1-13) 


Since only fragments are available it is impossible to determine the total length 
for any one specimen or to know the total number of segments in a complete, fully 
mature worm. By manipulating the pieces it is believed that any one of the speci 
mens might have been as much as (or more than) twice the length of the longest 
(280 mm.) fragment. 

The scolex (Fig. 1) ranges from 0.60 to 0.76 mm. in length (to posterior border 
of suckers) by 0.66 to 0.91 mm. in greatest width (at level of suckers). The tri 
radiated scolex (Fig. 3) is larger generally than the normal one. The sucker 
range from 0.18 to 0.25 mm. in diameter in the normal scolex and slightly larger 
in the triradiated forms. Two suckers are associated with each ray in both the 
normal and triradiated individuals. The rostellum (Figs. 2 and 3) is muscular, 
approximately spherical, about the same size in both the normal and triradiated 
worms (approximately 0.23 mm. in diameter) and bears 26 hooks in the normal 
(Figs. 1 and 2) and 28 to 30 in the triradiated scolex (Fig. 3). The hooks are 
arranged in two rows of alternating hooks, with the hooks in the anteriormost row 
being the larger. In both the normal and triradiated scoleces the larger hook 
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measure about 125 microns in overall length (base 88 microns and blade 55 microns) 
while the hooks of the other row have a shorter mean length in the normal (88 
microns) than in the triradiated (96 microns) scolex. Hooks of the normal worm 
are delineated in Fig. 13. There is no rostellar sac (receptacle) and hence the 
rostellum can not be introverted. However, the crown of the rostellum can be 
withdrawn sufficiently to bring the hooks to an erect (forwardly-directed ) position. 
Irom the in face view (Fig. 3) and from sectioned material a distinct though shal- 
low groove its seen to clearly delimit the rostellum anteriorly 

In passing posteriorly from the scolex the width of the worm is reduced from 


0.66 to 0.91 mm. (scolex) to a minimum of 0.40 to 0.48 mm. at a level 1.50 to 


2.00 mm, behind the suckers (the “neck’). This minimum width is attained in 
the region where external segmentation first becomes evident. From this area 


the worm gradually widens to a maximum of about 4.00 mm, in the region of the 
gravid segments (with the width of any region depending in part on the amount 
of contraction). The mature segments average about 2.56 mm. in length and 2.49 
nun. in width. These segments gradually grow or distend to a size ranging from 
6.20 to 7.70 mm. in length and 3.00 to 4.00 mm. in width by the time they are fully 
gravid 

The genital pores are lateral, a little nearer the posterior end of the segment 
(Figs. 5, 6, 7 and &), and they are irregularly alternating. Of the 125 segments 
of the normal worm studied the genital pore is on the right side in 67. The tissue 
around the genital atrium (Fig. 9) is differentiated into a capsule-like structure, 
giving prominence to the area. The genital atrium may be as much as 0.19 mm. 
deep. When the cirrus is introverted, the atrium leads into a hermaphroditic canal 
(approximately 0.10 mm. long) which receives both the male and female ducts. 
When the cirrus is everted, the hermaphroditic canal is eliminated, and then the 
vagina has its opening separated from that of the cirrus. In the triradiated worms 
the genital pores irregularly alternate between the rays, with the pores occurring 
mostly on the unpaired ray and one member of the paired rays. In the 55 triradiated 
segments studied the pores are on the unpaired ray in 40 instances, on the left-hand 
member oi the paired rays in 13 segments and on the right-hand member in two 
proglottids. Only a single supernumerary proglottis (Fig. 12) could be found on 
the triradiated worms. It is on the unpaired ray of a mature segment. The entire 
segment has three genital pores, two on the unpaired ray (one of which is in the 
supernumerary portion) and one on the left-hand member of the paired rays. 

The branched, tubular ovary (Figs. 5 and 6) is organized into two lobes, joined 
medially by a tubular isthmus. One lobe lies on either side of the midline, in the 
medullary parenchyma of the posterior half of the segment. The lobe on the poral 
side is restricted in its anterior extension by the vagina and vas deferens. In no 
instance does the poral lobe (Figs. 5, 6 and 12) extend anterior to the curving 
vagina. The aporal lobe always extends farther anteriorly than does the poral lobe, 
often extending as much as one-third its length farther anteriorly. A lobe extends 
laterally through two-thirds of the distance from the midline to the larger “excre- 
tory” duct on that side. The vitelline gland occupies the space between the ovarian 
lobes, posterior to the isthmus. It extends farther posterior in the segment than 
does the ovary, and its lateral extension is not so great as that of the ovary. The 
gland lies immediately anterior to the transverse “excretory” tube of that segment 
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The oviduct originates from the isthmus (Fig. 10) and passes posteriorly a 
short way before being joined by the sperm duct from the seminal receptacle. [mme 
diately beyond this union the oviduct passes into the ootype, surrounded by Mehlis’ 
gland. The ootype is joined by the yolk duct. Beyond the ootype the tubular 
uterus turns anteriorly and ascends through the medullary parenchyma to the 
anterior end of the segment. 

Internally from the hermaphroditic canal the vagina develops a moderately thick 
wall (Fig. 9) which is maintained for a distance approximately equal to the length 
of the cirrus pouch. Near the genital atrium the vagina makes a sharp, posterior 
bend, the depth of which is about 0.10 mm. In older segments the vagina also 
makes a tight loop as it passes between the “excretory” ducts. In general, the 
vagina lies close to the posterior border of the cirrus pouch as the two organs 
approach the “excretory” ducts, while beyond the “excretory” ducts the vagina 
reduces the thickness of its wall and gradually curves posteriorly in approaching the 
midline. Near the midline the vagina turns sharply posterior and expands into 
the seminal receptacle (Figs. 10 and 11), measuring from 0.10 to 0.18 mm. in 
length. A short sperm duct joins the seminal receptacle to the oviduct 

As the uterus fills with eggs its typical taenioid pattern becomes more easily 
observed. Beyond Mehlis’ gland, however, the uterus retains its tubular nature 
(“uterine duct’) for a considerable distance (Fig. 10) before dilating into the 
“egg-containing” uterus. This egg-containing uterus develops outpouchings along 
its entire length and some of these outpouches develop secondary outpouchings 
They are lateral and terminal in position, the termina! ones being much shorter 
than the lateral outpouches. At the anterior end the three or four short pouches 
arise from the main stem and push forward to terminate close behind the transverse 
“excretory” tubule of the next segment above. Those outpouchings developing 
from the posterior end of the main uterine stem originate below the junction of 
the uterine duct with the dilated uterus, and they pass posteriorly to terminate at 
or below the level of the vitelline gland, close in front of the transverse “excretory” 
tubule of that segment. In the gravid segment (Figs. 7 and &) as many as 19 
lateral outpouchings may be counted on a side of the uterine stem 

A well developed sphincter, the oocapt, guards the passage Of Ova Irom the 
ovarian isthmus into the oviduct. A similar sphincter, though less well developed, 
guards the entrance of sperm into the seminal receptacle from the vagina, and a 
smaller sphincter surrounds the sperm duct. A fourth sphincter is seen in the 
uterine duct, at its junction with the dilated uterus 

In the triradiated segments the main stem of the uterus lies in the central paren 
chyma, at the union of the rays. The outpouchings from this uterus extend into 
that ray adjacent to their origin, and their number varies from 9 to 19 in a ray 

In sectioned material the eggs in utero are slightly ovoid in outline and have 
a mean measurement of 39.7 microns long by 36.3 microns wide. The embrvos 
are inclosed in a delicate embryonic membrane and a heavy shell which is about 
7 microns thick 

The testes begin at, or slightly posterior to, the level of the vitelline gland and 
extend very nearly to the anterior margin of the segment, occupying most of the 
medullary area not occupied by other organs. In three serially sectioned segments 


the testes number as follows: (1) normal segment (2.61 mm. long), 393 teste 
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196 on poral and 197 on aporal side; (2) triradiated segment (2.75 mm. long), 
588 testes, 191 in unpaired ray, 216 in right-hand ray and 181 in left-hand ray; 
(3) triradiated segment with supernumerary proglottis (2.45 mm. long), 694 testes, 
569 in main portion and 125 in the supernumerary. The testes range from 32 to 128 
microns in diameter, for a mean of 71.3 microns. 

Characteristically the vas deferens is formed by the union of the vasa efferentia, 
near the midline of the segment. From this point the vas deferens quickly develops 
into a dilated, sperm-filled tube which coils and loops its way toward the cirrus 
pouch. In passing laterally the vas deferens curves posteriorly for a short distance 
(Figs. 5, 6 and 12) before turning slightly anteriorly \fter passing between the 
“excretory” ducts, the vas deferens enters the cirrus pouch, which is posteriorly 
inclined, Thus, an obtuse angle (Christenson, 1929) is formed by the union of 
the vas deferens and cirrus pouch. Within the mesial half of the cirrus pouch the 
vas deferens forms a series of tight coils and loops before developing into the weakly 
muscular cirrus. Rarely is the cirrus seen to be everted although in a few segments 
it is everted sufficiently far for its terminal portion to lie exposed beyond the margin 
of the genital prominence (Fig. 9). The cirrus is unarmed 

In the normal scolex each of the.four longitudinal “excretory” (osmo-regula 
tory) ducts divides (Fig. 1) into two tubules at about the level of the anterior bor 
ders of the suckers. The two tubules from each duct diverge to meet and to fuse 
with the opposing tubules from the two adjacent (dorsal and ventral) ducts to 
form a completed, ring-tubule. ‘The ring-tubule completely surrounds the base 
of the rostellum and lies just mesial and anterior to the suckers 

In passing posteriorly from the ring-tubule the four longitudinal ducts quickly 
differentiate into a larger and a smaller duct on each side, and one each of these 
comes to lie in the medullary parenchyma near each lateral margin. Just below the 
level of the suckers the larger duct on each side produces a series of loops and coils 
(Fig. 1) before the two ducts on a side come to lie close together, with the smaller 
one generally being the more median of the two. In passing through the strobila 
the longitudinal ducts gently undulate and these undulations often bring one of 
the tubules to lie directly dorsal or ventral to the other one. Both of the larger 
ducts are nearer the ventral (ovarian) surface of the segment in 24 of the 125 seg 
ments studied, while in the other 101 segments one of the larger ducts is nearer 
the ventral surface and the other one is nearer the dorsal. In the former case (24 
segments) an imaginary line connecting the two larger ducts would lie parallel 
to a similar line connecting the two smaller ducts. In the latter case (101 segments ) 
lines connecting the two pairs of ducts would cross, forming an X. 

In the triradiated worms the larger “excretory” duct in each ray develops a 
series of loops and coils in the area just posterior to the suckers similar to that 
observed for these ducts in the normal worms. Anterior to the loops and coils 
with but one exception each of the six ducts divides into two tubules (Fig. 4) 
These tubules unite with each other in a somewhat confused manner, although 
their fusion ultimately produces a ring-net-like ramification of tubules around the 


base of the rostellum, anterior to the level of the suckers. Below the level of the 


loops and coils one larger and one smaller duct become associated in each ray, and 


the pair gently undulates in passing through the strobila. 
The transverse “excretory” tubule is the most caudal organ in the segment 
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It is a moderately large, simple tube connecting the larger longitudinal “excretory” 
ducts. In the triradiated worms the transverse tubule is Y-shaped, with one “leg” 
of the Y joining the larger duct in its ray. 

In both the normal and triradiated specimens the first evidence of external 
segmentation occurs from 1.50 to 2.00 mm. behind the suckers. At first this evi 
dence occurs as very slight indentations, and these begin at or near the level of 
the first completed transverse “excretory” tubule. As the segments develop the 


indentations become more pronounced until in the mature and gravid ones the 


posterior edge of the segment may form a skirt-like overhang (craspidote) around 


the anterior end of the succeeding segment. These overhangs may be as much 
as 0.35 mm. in length (Figs. 5, 6, 7 and 8). 

\lthough no effort was made to trace the pattern of the nervous system, certain 
ganglionic masses and cords are easily seen in sectioned material. Two rather 
large ganglionic masses are present in the scolex (three in the triradiated) and 
these are connected by rather prominent commissures, forming a ring of nervous 
tissue at the base of the rostellum. A single conspicuous, lateral nerve follows 


closely each of the larger “excretory” ducts through the strobila (Figs. 5, 6 and 9) 
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EXPLANATION OF PLAT! 


Unless otherwise stated all figures were made with the aid of the camera lucida 

Abbreviations: C—cirrus; CP—cirrus pouch; GA—cavity of genital atrium; GP—genital 
pore; HC—hermaphroditic canal area; LEC—larger “exeretory” duct; MG—Mehlis’ gland; 
N—nerve; O—ovary; OV—oviduct ; SD—sperm duct; SEC—smaller “excretory” duct; SP 
supernumerary proglottis; SR—seminal receptacle; SV—vas deferens in cirrus pouch; TE 
transverse “excretory” tube; UD—uterine duct; UT-—-uterus; V—vagina; VD—vas deferen 


VIT—vitelline gland; YD—yolk duct 
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Fic. 1. Scolex and “neck” of normal Multiceps packi. Note coils and loops in larger 
“excretory” duct and beginning of external segmentation. Semi-diagrammatic 

Nic. 2. In face view of rostellum an hooks of normal Multiceps packi. Drawn to same 
scale as Fig. 3 

Fic. 3. In face view of triradiated scolex of Multiceps packi. Note association of suckers 
with the rays 

Fic. 4. The “excretory” ducts and tubules in the scolex and “neck” of the triradiated 
Multiceps packi. Diagrammatic reconstruction 
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Semi-diagrammats 


Mature segments of Multiceps packi 
Mature segments of! the triradiated Vulticeps packi Semi-diagrammati 
the normal Multiceps packt. Semi-diagrammati 


Gravid segment of 
triradiated Multiceps packi. Semi-diagrammati 


Gravid segments of the 





























Piate III 


Fic. 9. The terminal portions of the genital tubes and genital atrium of Multiceps packt. 
Note the everted cirrus 

Fic. 10. The ootype-genital complex of the normal segment in Multiceps packi. Diagram- 
matic reconstruction 

Fic. 11, The ootype-genital complex in the supernumary proglottis of the triradiated 
Multiceps packi. Note the union of the uterine duct with the main stem of the uterus from the 
remainder of the segment. Diagrammatic reconstruction 

Fic. 12. The mature, triradiated segment of Multiceps packi having the supernumerary 
proglottis on the unpaired ray Semi-diagrammatic 

Fic. 13. Representative hooks of the normal Multiceps packi. The two hooks above 
are drawn from the “dorsal” view while the two below are mostly from the profile view 





THE ROLE OF THE EARTHWORM, EISENIA FOETIDA, 
IN THE TRANSMISSION OF STEPHANURUS DENTATUS 


FRANCIS G. TROMBA 


Helminth Parasite Section, Animal Disease and Parasite Research Branch, 
Agricultural Research Service, United States Department of Agriculture 


Bernard and Bauche (1914), Schwartz and Price (1929, 1931, 1932), Ross 
and Kauzal (1932), Spindler (1934b), and others have shown experimentally that 
swine can acquire infection with kidney worms (Stephanurus dentatus) by swallow 
ing the infective larvae or by penetration of the larvae into the abraded or even 
unbroken skin. Following entry into the body of the pig, the majority of the larvae 
reaches the liver where they undergo a long period of development. ‘This culminates 
in escape of the worms into the peritoneal cavity and their migration to the perirenal 
area, The sexually mature kidney worms are found in cysts in the walls of the 
ureters, the cysts being connected to the lumen through fistulae. The pre-patent 
period is usually considered to be about 6 months 


Spindler (personal communication) was unable to produce patent infections 


in swine experimentally infected and kept under conditions designed to preclude 


extraneous infections with these parasites even when these animals were kept under 
observation for a year or longer. I was unable to demonstrate patency in experi 
mentally infected swine after 9 months. 

The unusually lengthy pre-patent period and the difficulty of securing patent 
experimental infections in swine indicate perhaps the existence of some hitherto 
unelucidated phase of the life cycle. The present investigation was undertaken to 
explore the possibility of an intermediate or transport host in the life cycle of 
S. dentatus. 

Earthworms of the family LumMpricipaAk were chosen as possible vectors because 
they are known to serve both as obligate and transport hosts for a number of nema 
todes. After some preliminary observations, Eisenia foetida, known to be an inter 
mediate host of various nematode parasites, was selected. This earthworm is 
commonly found in soil contaminated with feces and is therefore naturally available 
as an intermediate host. Furthermore, these annelids may be collected in large 
numbers from situations uncontaminated by swine, such as compost heaps of cow 
manure, are rarely infected with Rhabditis pellio according to Otter (1933) and 


Clapham (1934), and are easily maintained in the laboratory 


MATERIALS AND METHODS 


Technique of infecting earthworms. Large numbers of EF. foetida were obtained 
from a compost heap of cow manure, Stock cultures of the annelids were main- 
tained in terraria one-third full of compost covered with moist burlap. The earth- 
worms were infected by placing them in large staining dishes containing a mixture 
of autoclaved compost and a charcoal culture containing infective third stage 
S. dentatus larvae. The surface of the material was covered with moist burlap and 
a glass lid was placed on the dish to conserve moisture. Frequent moistening 
of the burlap was the only care necessary. 
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An annelid removed for examination was washed in tap water and narcotized in 
20 percent ethyl alcohol. It was then pinned to a wax-bottom dissecting pan, a 
mid-dorsal inciston made, and the entire gut removed and examined in tap water 
under the dissecting microscope. Alternatively the posterior 10 segments were 
removed and examined separately. Press preparations were made of portions 
of the body wall. When brown bodies (masses of amoebacytes) (Stephenson, 
1930, p. 71) were encountered in the terminal segments they were placed in tap 
water or a 30 percent solution of lactic acid to disintegrate. The residue was 
examined under the dissecting microscope. 

Karthworms intended for histological examination were kept on wet filter paper 
until their castings showed that the gut had been cleared of soil particles. They 
were then narcotized in 20 percent alcohol, fixed for 12 to 24 hours in Bouin's 
fluid, and processed by the usual paraffin techniques. Serial, longitudinal and cross 
sections were cut at 10 microns and stained with hematoxylin and eosin. 

Larvae recovered from earthworms were first studied alive, then killed in 
hot 70 percent alcohol, stained with either cotton blue or acid fuchsin in lacto- 
phenol, and mounted in clear lacto-phenol for further study. Occasionally intra- 


vitam staining with neutral red was employed. 


Tarte 1.—Data on experimental infections of pigs with S. dentatus by 
feeding parasitized earthworms 
Pigs Interval Results 
EKarthworms between 

Identifi Age (days) fed (number) infection and Liver Worms 

cation no autopsy (days) lesions recovered 
O87 we | none 29 none none 
GRR do 100 27 Pos 258 
OSD do do 29 Pos 4% 
ool do do 2k Pos 38 
oz do none 28 l’ors 1 
65 87 100 24 Pos No count 
60s do do ilo Pos do 
704 do do do Pos do 
706 do do do Pos 18 
eon do none 23 none none 
“Hu7* do do do none none 
7a0n* do do do none none 
7on* do do do none none 
oo do do 24 none none 
OO7 AY do do none none 


* Fed 100 normal Lisenia foetida 


Technique of infecting pigs. Whenever possible swine used in infection experi- 
ments were litter-mates. If litter-mates were not available animals of the same 
age from different litters were used. In order to eliminate mechanical transfer of 
larvae, all earthworms fed to pigs were carefully washed and cleared of soil in the 
manner noted above. Known numbers of earthworms were ground in a mortar 
with a small amount of distilled water and force-fed to the pigs by means of a wide- 
mouthed pipette. Two experiments were performed; the first employing a single 
litter 51 days old was begun May 25, 1954; the second, which involved pigs of 3 
litters 87-89 days old was begun June 30, 1954. Experimental and control pigs 
were penned together in the first experiment; however, in the second experiment 
they were penned separately. Data for these experiments 1s summarized in Table 1. 
In addition 2 pigs were each fed 500 infective larvae of S. dentatus. 

At the conclusion of the experiments the pigs were killed and the livers removed. 
Presence or absence of lesions was noted and a representative number of nematodes 


was recovered for further study. In some cases the total number of larvae in the 
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liver was estimated by counting the number in an aliquot and multiplying by the 
appropriate factor. 
RESULTS 

Larvae in earthworms. After 1 to 75 days exposure to the larvae, a total of 
72 earthworms were examined, of which 60 had one or more third-stage larvae 
in the gut. The majority of the larvae had shed the cuticle of the second molt. 
There was no preferential location, larvae were found in all regions of the digestive 
tract examined, from the esophagus to the anus. [Forty-two earthworms had one 


or more ensheathed third-stage larvae in the brown bodies (Figure 1). The 





Fic. 1. Cross section of infected Eisenia foetida. Note kidney worm larvae (arrows) 
in the brown body 


greatest number of larvae found was 16, the average being 4.8. Under conditions 
of continuous exposure earthworms were found to be infected up to 75 days. 
Annelids removed from contact with infective larvae and maintained in clean con 
tainers harbored larvae up to 35 days following removal. The earliest occurrence 
of larvae in the brown bodies was 4 days after exposure. Three Lumbricus ter 
restris exposed with Eisenia also harbored the larvae in the brown bodies along 
with a number of Rhahditis pellio. All larvae of S. dentatus examined from experi 
mentally infected earthworms were morphologically identical with infective third 
stage larvae except for the loss of the aforementioned sheath. Measurements of 
10 larvae from the intestines of earthworms and 10 larvae from the brown bodies 
were in close agreement with those of Alicata [1936] for third stage larvae. 

Fifty normal earthworms taken from the stock cultures or from a compost heap 
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were free of larvae of S. dentatus. A few Rhabditis pellio were found in the neph- 
ridia of one of these annelids. This nematode was not encountered in the brown 
bodies of normal or infected Eisenia 

Infection experiments. The data for these experiments are summarized in 
Table 1. At autopsy all pigs which had been fed infected Eisenia showed liver pathol- 


ogy typical of that seen in stephanuriasis normally acquired on pastures (Fig. 2). 


Me 





Fig, 2. Kidney worm lesions on parietal surface of liver Pig No. 691 fed infected 


earthworms 


fourth-stage larvae of S. dentatus were recovered in all cases from such livers. 
The 2 pigs fed infective larvae from culture also showed liver lesions from which 
fourth-stage larvae were recovered, All controls and also all pigs fed normal earth- 
worms had normal livers except in the case of pig 692 which had been penned with 
infected animals. [n this pig a few cirrhotic nodules were found on the parietal 


surface of the liver, and 1 fourth-stage larva of S. dentatus was recovered 


DISCUSSION 


The fact that one pig of the 5 which were fed unexposed earthworms had liver 
lesions is undoubtedly due to the housing of infected and control animals together 
in experiment 1. This pig may have picked up larvae passed with the feces of an 
infected animal, or more likely from the vomitus of an animal soon after the feeding 
of infected earthworms Chis supposition is supported by the fact that in the 
second experiment, none of the pigs fed unexposed earthworms had any liver lesions 
and also that kidney worm larvae were not found in earthworms unexposed to 
kidney worm larvae 

On the basis of the data reported herein the association between Eisenia foetida 
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and Stephanurus dentatus can be provisionally described as facultative. Additional 
work is now in progress to ascertain whether physiological changes which may 
accompany the sojourn of the larvae in the invertebrate host have any effect on the 
subsequent development of the parasite in swine. 

There has been no opportunity so far to examine earthworms from naturally 
infected soil. If such examinations should show earthworms to be naturally infected 
it would possibly establish a significant epidemiological factor in stephanuriasis of 
swine. Since Spindler (1931, 1934a), and Clunies Ross and Kauzal (1932) have 
shown that kidney worm larvae are highly susceptible to drying and low tempera- 
tures, survival of the larvae under field conditions would be greatly prolonged by 
their sojourn in the earthworm. 


SUMMARY 


1. Eisenia foetida may be experimentally infected by exposure to third stage 
larvae of Stephanurus dentatus. 


2. Larvae are found at first in the alimentary tract of the earthworm and after 


4 days in the brown bodies. 


3. Swine fed exposed earthworms develop typical liver lesions of stephanuriasis. 
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FLOCCULATION TEST IN SERA FROM HOGS EXPERIMENTALLY 
AND NATURALLY INFECTED WITH TRICHINELLA SPIRALIS 


Lois NormAN,' E. H. Sapun,'’ R. W. Reppinc,? anp D. E. Coorerriper® 


INTRODUCTION 


Many investigators have reported observations on the use of serological tests 
in the diagnosis of infections with Trichinella spiralis, but most of the work has been 
with infections in man or small laboratory animals. The relatively smaller amount 
of work that has been done using the hog as a test animal has given conflicting 
results (Augustine and Theiler, 1932; Bachman and Rodriguez-Molina, 1933; 
Spindler, Cross, and Avery, 1941; Gaase, 1949; Suessenguth, 1947; and Wagner, 
1949), and the value of the serological tests for trichinosis in swine is still debatable. 

tozicevich, Tobie, Thomas, Hayem, and Ward (1951) described a simple rapid 
flocculation test for the diagnosis of trichinosis employing as antigen a saline extract 
of trichina larvae adsorbed on uniform-sized bentonite particles. 

In view of the great practical importance of being able to detect infections in pigs 
in the abattoir before the meat reaches the population for general consumption, it 
was felt that further work with this test with attention to the time of infection and 
quantitative relationships was needed. Therefore, three experiments were under- 
taken to study the possibility of detecting serologically infections of various duration 
in hogs infected with graded doses of larvae. A fourth experiment was designed 
to test the sensitivity of the flocculation test in detecting normally occurring infec- 


tions in pigs at the time they are slaughtered 


MATERIALS AND METHODS 


A total of 92 hogs was used in four experiments. Eighteen hogs were reared 
and infected under controlled experimental conditions at the University of Georgia, 
School of Veterinary Medicine, and 74 were reared under natural conditions on 
Oregon State Farms. The animals used in the first three experiments were bled 
at weekly intervals before and after feeding, while those of the fourth group were 
bled only at the time they were slaughtered. All sera were tested by the bentonite 
flocculation test. The preparation of the antigen and the technique followed in per- 
forming the test were essentially the same as those described by Bozicevich et al. 
(1951). In addition, a second antigen made by adsorbing the acid-soluble fraction 
of Melcher’s purified antigen in saline onto bentonite particles was used in examin- 
ing the sera of the animals included in the second experiment (Melcher, 1943). 
Both positive and negative controls were included in each test. 

Young pigs 4 to 7 weeks old were used in the first three experiments and were 
fed varying amounts of infected meat (as described in each experiment). The pigs 
were sacrificed 11 to 18 weeks after feeding and the diaphragm, tongue, and por- 
tions of the masseter muscle were collected in individual jars and examined within 
24 hours. 
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The sera and diaphragms of the 74 hogs from Oregon were collected, labeled, 
and shipped in dry ice by air express to Atlanta for examination in the Communi- 
cable Disease Center Laboratory. Gross examination revealed no obvious signs 
of deterioration. Samples of diaphragm muscle from each hog were examined micro- 
scopically by compression and 30 grams of muscle from each animal were digested 


with artificial gastric juice by the usual technique. 
RESULTS 


Experiment 1, This was a preliminary experiment planned to determine the 
specificity of the flocculation test in pigs following a heavy infection. 

Two young hogs from the same litter weighing approximately 5 kilos each were 
observed for a period of 27 weeks. After 16 weeks during which they were bled 
and serologically tested at regular intervals, one of them was fed a large amount 
of heavily infected rat muscle (containing more than 25,000 larvae). The other 
litter mate was kept as an uninfected control. As indicated in Table 1, all the sero- 
logical tests in both pigs were negative up to and including one week after the admin- 
istration of Trichinella larvae. On the second week the infected hog (No. 1) gave 
positive serological reactions while the uninfected one (No. 2) remained negative. 
Repeated examinations in subsequent weeks were uniformly consistent with these 
results. Eleven weeks after infection (27 weeks after the beginning of the experi 
ment) both hogs were sacrificed. Numerous 7richinella larvae were found in the 
diaphragm of the experimentally infected animal, whereas none were found in the 
control. The number of larvae found in the diaphragms of these two hogs was not 
counted, 

Experiment 2. This experiment was designed to test whether the above prelimi 
nary results could be repeated by feeding smaller infected doses to pigs 

Seven young hogs from the same litter weighing each between 7 and & kilograms 
and one old sow purchased when already an adult were observed for a period of 18 
weeks (Table 1, Nos. 3 to 10). One week after the first bleeding they were divided 
into two groups. Each of the five animals of one group (Nos. 3 to 7) was forcibly 
fed infected rat muscle estimated to contain more than 5,000 and less than 25,000 
Trichiella larvae, and three animals, including two litter mates and the old sow, 
were left as uninfected controls. As in the previous experiment, all the flocculation 
tests were negative up to and including one week after the administration of Trich 
inella larvae. One pig became positive on the second week (No. 5), and another 
on the third week (No. 3). Before the sixth week all those that received infective 
meat had become positive. The uninfected controls (Nos. 8 to 10) remained nega 
tive throughout the experiment. Beginning with the eighth week, two of the infected 
hogs reverted to a negative serology (Nos. 4 and 5), and by the eleventh week all 
the animals were negative and remained so up to the time they were sacrificed on 
the seventeenth week. 

All sera were also tested with Melcher’s antigen. Two pigs became positive 
on the second week (Nos. 3 and 5), and by the sixth week all but the controls had 
become positive. Beginning with the eleventh week, one infected hog reverted to 
negative serology (No. 4), and by the thirteenth week all the animals were negative 
and remained so up to the end of the experiment. 

At necropsy, many larvae were found in the diaphragms of all the hogs that 
were fed infective meat (between 6,000 and 30,000 larvae in 30 gms. of muscle), 
and none in those of the laboratory raised controls. However, a few calcified lar- 
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vae (less than 100 in 30 gms. of muscle) were found in the diaphragm of the old 
sow which had been raised outside of the laboratory until shortly before being used 
for our experiments. 

Experiment 3. An experiment was set up in which hogs were fed a very small 
dose of Trichinella larvae. 

Seven young hogs from the same litter weighing each between 3 and 5 kilograms 
were observed for a period of 13 weeks (11 to 18). One week after the first bleed- 
ing, they were divided into two groups. Each of the six animals of one group 
(Nos. 11 to 16) was given by stomach tube an estimated total of 5,000 larvae in 
chopped rat’s muscle suspended in water. Two hogs of the second group (Nos. 
17 and 18) were left as uninfected controls. One pig (No. 14) died at feeding of 
anoxia due to the fact that some of the suspension entered his larynx and trachea 
causing occlusion of the respiratory tract, and another died in the course of the 
experiment (No. 17). The cause of death of the latter hog could not be ascertained 
since no post-mortem examination was performed. As indicated in Table 1 floceu- 
lation tests were consistently negative for every animal in both groups at all times. 
At necropsy, 13 weeks after the beginning of the experiment, 7richinella larvae in 
smaller amounts than those found in animals 3 to 7 were recovered from the dia- 
phragm of hogs 11 to 16. The larvae found in the diaphragms of these two hogs 
were not counted. No larvae were found in the controls. 

Experiment 4. This experiment was set up to test whether mild infections 
acquired by hogs under natural conditions are able to elicit a sufficient amount of 
specific antibodies over a prolonged period of time in order to be detected by the 
flocculation test at the time the hogs are slaughtered for market consumption 

Sera and diaphragms from a total of 74 pigs raised in Oregon under natural 
conditions were tested for trichinosis. The hogs in this group were fed scraps and 
garbage. They belonged to five different groups and were examined at different 
times. As indicated in Table 2, Trichinella larvae were recovered by digestion in 


TapsLe 2.—Results of flocculation tests and diaphragm digestion on farm-raised uninfected 
and naturally infected swine with Trichinella spiralis (/aperiment No. 4) 


Group Number of Number of positives Number of positives ag © ye nap 
no. animals by floc. test by digestion Maphragm 
12 0 3 7 to 40 

2 20 0 0 

3 10 0 3 2 to 13 

4 16 0 0 

5 16 0 7 1 to 440 
Total 74 0 13 1 to 440 


3 out of 12 diaphragms of the first group, 3 out of 10 in the third group and 7 out 
of 16 in the fifth group. The infections were very mild since only between 1 and 
440 larvae were obtained from 30 grams of diaphragm. None of the hogs of the 
second and fourth groups were found to be infected with this parasite. All of the 
74 hogs included in this experiment gave negative serological results with the 
flocculation test. 
DISCUSSION AND SUMMARY 

An analysis of the data of the four foregoing experiments reveals in general 
that the flocculation test as described by Bozicevich and his co-workers (1951) 
appears to be quite reliable in detecting heavy infections of Trichinella spiralis in 
swine, if the serum is obtained a few weeks after ingestion of infected meat. No 
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false positives were ever observed throughout the experiments. On the contrary, 
when the infection was light or when the serum was tested before the second week 
from ingestion of larvae, the reaction failed to reveal the presence of the infection. 
When the infection was somewhat heavier, all animals that had become positive 
reverted to a negative serology after several weeks. The present experiments do 
not reveal how long a positive serology lasts following a very heavy infection since 
the only hog in that group was sacrificed when still positive. 

Similar results were obtained when Melcher’s antigen was used for comparison. 
The only difference noted was that Melcher’s antigen, under the conditions of the 
experiment and in the limited series tested, appeared to be more sensitive in detecting 
infections at an earlier stage and for a longer period of time. 

As previously observed with precipitin titers in hogs (Bachman and Rodriguez- 
Molina, 1933), the amount of antigen released at the time the larvae migrated 
through the tissues of the host, and consequently the amount of antibody response, 
seems to play a major role in the flocculation reaction. For this reason, the practica- 
bility of employing this test for the routine diagnosis of infected hogs at the time 
of slaughtering at the abattoirs is limited very definitely. The results obtained in 
the experimental infections agree closely and support those obtained with naturally 
infected hogs. In fact, the sera of all the hogs reared under natural conditions were 
consistently negative although 13 animals were found to harbor a small number 
of Trichinella larvae 

In addition to the size of the infective dose and the time interval between infec- 
tion and serological examination, other factors, such as the age of the hogs at the 
time they are fed trichinous meat, may play an important role in the detection of 


specific antibodies by the flocculation test. 
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OBSERVATIONS ON CESTODES OF THE GENUS HYMENOLEPIS 
IN NORTH AMERICAN SHREWS* 


CrypE M. SENGER 


Bozeman, Montana 


While making a study of the helminth parasites of shrews from Montana, it 
was noticed that the descriptions of several species of // ymenolepis were apparently 
inaccurate in certain respects. These observations were verified by examination of 
the type specimens of the 15 species of //ymenolepis described from North Amer- 
ican shrews. The resulting corrections of the specific descriptions and some notes 
on the hymenolepid cestodes of shrews from Montana are given in this paper. 
xcept in the case of 7. lineola, no attempt was made to determine the validity of 
the species mentioned as specimens of foreign species from shrews were not avail 
able for study. 

The author wishes to thank Dr. E. W. Price for loan of the type specimens from 
the U. S. National Museum Helminthological Collection. 


METHODS AND MATERIALS 


Shrews were collected from Flathead, Lake, Sanders, and Gallatin Counties 
in Montana. The animals were caught in either live or snap traps. The cestodes 
were removed as soon as possible and placed in physiological saline solution. ‘They 
were fixed with either alcohol, formalin, acetic acid solution or sublimate acetic 
acid solution and stained with Semichon’s acetocarmine or Ehrlich’s hematoxylin 
Permanent mounts of the rostellar hooks were made with a poly-vinyl alcohol, 
lacto-phenol solution. These mounts proved to be very useful because the rostellar 


tissue was completely cleared whereas the hooks were not altered 


OBSERVATIONS ON TYPE SPECIMENS 


Hymenolepis parva Rausch and Kuns, 1950 

Although Rausch and Kuns (1950) show the rostellar hook of //. parva to 
have a marked bend in the back where the blade and handle join, the hooks of 
the type specimens were straight along the back (Figure 1) and identical in shape 
with those of H/. lineola Oswald, 1951. The length of the hooks of specimens from 
Montana ranged from 30 to 44 microns thus overlapping with //. parva, 34 to 40 
microns, and with 1. lineola, 30.8 to 32.4 microns. Since hook length and shape 
are the major characters used to distinguish //, lineola from H1. parva, the former 


must be considered a synonym of //. parva 


Hymenolepis schilleri Rausch and Kuns, 1950 
\ study of the immature proglottids of this species revealed that the median 


testis of each segment was anterior to the lateral ones and not posterior as orig 
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inally stated. The eggs of H. schilleri were oval, about 44 by 33 microns, with a 
spherical embryo 19 to 23 microns in diameter. The embryonic hooks were 14 
microns long. 

Hymenolepis intricatus Locker and Rausch, 1952 


The original figures for //. intricatus do not indicate the typical shape of its 
rostellar hooks, Figures 2 and 3 show hooks of this species which are more repre- 


sentative, 


a NC 








Fic, 1. Rostellar hook of Hymenolepis parva 

Fic. 2. Rostellar hook of type specimen of H. intricatus 
Fic. 3. Rostellar hook of H. imtricatus from Oregon 
Fic, 4. Small rostellar hook of 17. falculata 

Fic. 5. Large rostellar hook of H. falculata 


Hymenole pis longi Oswald, 195] 
The cestodes from Oregon having 10 hooks and reported by Neiland (1953) 
to be //. longi are probably identical with a species described later, //. parvissima 


Voge, 1953, and cannot at present be considered to represent HH. longi. 


Hymenolepis pauciglottis Neiland, 1953 
The type and paratype of this species were found to have 13 and 14 rostellar 
hooks respectively and not 12 as originally stated. Unfortunately accurate meas- 


urements of the rostellar hooks of these specimens could not be made. 


Hymenolepis macyi Locker and Rausch, 1952 

The original description states that no rostellum is present in this species, but 
fails to mention that a vestigial body remains in its place. 

This study revealed no additional information on the type specimens of the 
following species: Hymenolepis anthocephalus Van Gundy, 1935, H. blarinae 
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Rausch and Kuns, 1950, H. falculata Rausch and Kuns, 1950, /. serrula Oswald, 
1951, H. sphenomorphus Locker and Rausch, 1952, H. kenki Locker and Rausch, 
1952, H. sengeri Neiland, 1953, and H. parvissima Voge, 1953. 


OBSERVATIONS ON MONTANA SPECIMENS 


Hymenolepis anthocephalus, H. blarinae, H. longi, and H. sengeri were not 
encountered in the 50 shrews examined. No hymenolepid cestodes were found in 
the following : 3 of 14 Sorex vagrans vagrans' trom Lake County, 2 of 4 from Flat 
head County, 0 of 2 from Sanders County and 2 of 2 from Gallatin County; 1 of 17 
Sorex cinereus cinereus from Lake County and 4 of 7 from Gallatin County; and 
1 of 2 Sorex palustris navigator from Lake County and 0 of 2 from Gallatin County 
Hymenolepis sphenomorphus and H, kenki were found in 1 of 17 S. c. cinereus 
from Lake County ; 1/7. macyi in 1 of 2 S. v. vagrans from Lake County, 1 of 2 from 
Flathead County, and 1 of 2 from Sanders County; //. intricatus in a S. palustris 
navigator {rom Lake County; 1. falculata in 1 or 2 S. v. vagrans, from Flathead 
County and in a S. palustris navigator from Lake County; //. parva in 7 of 14 
S. v. vagrans from Lake County and 1 of 2 from Flathead County, in 16 of 17 
S. c. cinereus from Lake County and 3 of 7 from Gallatin County, and in a S. palus 
tris navigator from Lake County and 2 from Gallatin County; /7. serrula in 1 of 2 
S. palustris navigator from Gallatin County; and H. parvissima in a S. palustris 
navigator from Lake County and 1 of 2 from Gallatin County. 

The Montana specimen identified as H. serrula by V. H. Oswald (personal 
communication) had at least 10 hooks but was otherwise similar to the previously 
known material. The specimens of 1. intricatus had rostellar hooks with a handle 
shorter than that of the type specimens. The proglottids of /7. parva appeared 
to be shed in groups of three or four when mature and to become isolated when 
gravid. Gravid proglottids were about 300 microns long by 150 microns wide. 
The eggs were oval, 22 to 27 by 28 to 38 microns, with an oval embryo 14 to 18 
by 18 to 22 microns. The embryonic-hooks were 9 to 10 microns long. The five 
specimens of H. falculata examined had from 12 to 16 rostellar hooks. These 
hooks were of two sizes. The shorter ones (Figure 4), 20 to 25 microns in length 
alternated with the longer ones (Figure 5), 30 to 38 microns. The testicular 
arrangement of the five specimens was quite variable. In the majority of the 
proglottids two testes were aporal, one directly posterior to the other, and the third 
testis was postero-poral, but other triangular arrangements are common. ‘The 
eggs were oval 35 to 46 by 21 to 32 microns, with an embryo about 23 by 17 
microns. The embryonic hooks were 14 microns long. The single specimen in 
the S. palustris navigator was about 85 mm. long whereas the specimens in the 
S. v. vagrans were less than 20 mm. 

Cestodes tentatively identified as H. schilleri were found in 4 of 14S, v. vagrans 
from Lake County, 1 of 2 from Flathead County, and 1 of 2 from Sanders County 
These cestodes were identical with the type material of //. schilleri except in the 
number and length of the rostellar hooks. The present cestodes had from 34 to 45 
hooks 37 to 47 microns long whereas the previously known specimens had 22 to 
32 hooks 27 to 30 microns long. The number and length of the rostellar hooks 
of two other hymenolepids, 17. roudabushi Macy and Rausch, 1946, and //, acuta 


! Specimens later determined to be S. v. monticola 
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(RKudolphi), are within the range of the present material but they differ in hook 
shape and other morphological characters, and have been reported only from bats. 
It is probable that the present specimens are a variation of 1. schilleri and represent 
a subspecies or race but more information ‘on the intermediate forms must be 
obtained before proper disposition can be made. 

Cestodes similar to //. pauciglottis were found in a S. palustris navigator from 
Lake County and in 2 from Gallatin County. The main difference between the 
Montana cestodes and the type specimens was the length of the rostellar hooks, 
20 to 22 microns for the Montana specimens, 12 to 14 for the type specimens. 
The number of rostellar hooks on the Montana cestodes ranged from 11 to 15; 
2 specimens had 11 hooks, 4 had 12, 7 had 13, 7 had 14, and 3 had 15. The strobila 
was 0.8 to 1 mm. in length by 0.25 to 0.5 mm. wide and characterized by an elongated 
and swollen gravid proglottid, 0.4 to 0.5 mm, long by 0.25 to 0.5 mm. wide. 

Specimens of //. parvissima were readily distinguished from those of //. paucig- 
lottis by the size of the gravid proglottids; those of H. parvissima being much 
smaller. Twenty-two specimens of //. parvissima had 10 rostellar hooks whereas 
one apparently had 9 and another 12. The hooks were from 16 to 22 microns 1n 
length 


DISCUSSION 


This study has revealed no single character which can be relied upon to distin- 
guish the species of // ymenolepis found in the shrews of North America. Probably 
the most important characters are the shape of the rostellar hooks along with the 
general body morphology. Some authors have placed considerable emphasis on 
the number and length of the rostellar hooks but this does not seem justified in 
view of the apparent variability in several species 

The similarity of three species, //. longi, H. pauciglottis, and H. parvissima, 
suggests that they may be subspecies or races rather than true species. However, 
our knowledge of their distribution and variability is so limited at present that one 


can only speculate in this regard. 
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THE OCCURRENCE OF HAEMOGREGARINA BIGEMINA 
LAVERAN AND MESNIL AND H. ACHIRI N. SP. IN 
MARINE FISH FROM FLORIDA 


DorotHy CHAPMAN SAUNDERS 


Department of Biology,* University of "lorida, Gainesville, Florida 


INTRODUCTION 


The presence of haemogregarines in the blood of fishes was first reported by 
LLaveran and Mesnil (1901) from France. Since that time other occurrences have 
been reported spasmodically from a few other countries. Laird (1952) is the only 
worker recently to have studied systematically the fishes of a country for their 
presence, and he has found a considerable number in the fishes of New Zealand 
and the Fiji Islands. To date none have been recorded before from the United States 
Fantham, Porter and Richardson (1942) have mentioned the only ones yet found 
elsewhere in North America, in Eastern Canada, 

During the late winter and spring of 1954 the writer made several week-end 
visits at the Marine Studios Research Laboratory at Marineland, Florida for the 
purpose of taking heart blood samples from 23 species of marine fishes collected by 
the Laboratory and made available for my study. It was desired to know which 
blood parasites were present, and whether certain fish species were more heavily 
parasitized than others collected from the same general locality. My deepest thanks 
go to the Marine Studios, and especially to Mr. F. G. Wood, Jr., Curator, for the 
very considerable aid and facilities provided. All of the specimens used were col 
lected by crews of the Marine Studios at sea, off St. Augustine, Florida 

One of the two haemogregarines originally described by Laveran and Mesnil 
(1901) was Haemogregarina bigemina, found by them in the blood of two blennies 
(Blennius pholis and B. gattorugme), and since then found in a number of other 
hosts elsewhere in the world. 

This paper records for the first time, to my knowledge, the occurrence of // 
bigemina in the United States. There is an uncertain record of its possible obsery 
ance in [astern Canada made by Fantham, Porter and Richardson (1942), who 
briefly stated, “A haemogregarine, probably //7. bigemina Laveran & Mesnil, has 
been observed in the blood of the eel pout (Zoarces angularis), obtained in Mon 
treal.” However no description was given by them, nor any reasons to substantiate 
this tentative identification. 


MATERIALS AND METHODS 


Blood was taken directly from the hearts of the following species of living fish 
by means of a #20 needle and hypodermic syringe: cow-nosed ray (/thinoptera 
quadriloba), weakfish or spotted squeteague (Cynoscion nebulosus), striped mullet 
(Mugil cephalus), Caesar grunt (Bathystoma rimator), Tom Tate grunt (B. stri 
atum), Pennsacola red snapper (Lutianus blackfordi), common sea bass (Centrof 
ristes striatus), rock sea bass (C. philadelphicus), channel bass or redfish 
(Sciaenops ocellatus ), pinfish ( Lagodon rhomboides ), pigfish ( Orthof ristis 
chrysopterus), common triggerfish (Balistes carolinensis), yellowtail or silver 
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perch { Bairdella chrysura), sea cathish (Galeichthys felis), common eel (Anguilla 
rostrata), thread herring (Opisthonema oglinum), slender sea robin (Prionotus 
scittulus), tongue fish (Symphurus plagiusa), grey mojarra (Gerres cinereus), 
spot (Leiostomus xanthurus), ocellated fluke (Ancylopsetta quadrocellata), whit- 
ing or Gulf kingfish (Menticirrhus littoralis), and hog choker (Achirus fasciatus). 
A thin smear was made of each sample of heart blood, and it was then air dried, 


fixed in absolute methyl alcohol, and stained with Giemsa. 


RESULTS 


Up to the present time, microscopic studies of the blood samples from all the 
above fishes except the whiting or Gulf kingfish (Menticirrhus littoralis Holbrook ) 
and a sole, the hog choker ( Achirus Jasctatus 1 ac épede ) have proved to be negative 


for parasites. Both host species are commonly found in shallow sea waters. 


Haemogregarina bigemina Laveran & Mesnil 


H. bigemina was found in two of 46 specimens of the whiting or Gulf kingfish 
examined, An excellent description of this parasite, with illustrations showing 
its life history within the fish host, has been given by Laird (1953) in his report 
of its first certain occurrence in the Southern Hemisphere. He found it in the blood 
of five intertidal zone fishes from New Zealand, namely Oliverichtus melobesia, 
Ericentrus rubrus, Tripterygion varium, T, medium, and Notoclinus fenestratus. 
His was an important contribution since this was the first time that measurements 
and clear illustrations were presented for so many of these stages in the life history 
of this parasite. Comparisons of unknown haemogregarines with these may easily 
be made by other workers 

Laird noted that in his New Zealand material, schizogony leading to the forma- 
tion of merozoites took place in erythroblasts, small and large lymphocytes, and 
monocytes. These stages were usually found in the blood of younger fish whieh 
had but recently acquired the infection. In older fish having chronic infections, only 
scanty numbers of gametocytes were commonly found. Schizonts of the second 
series, formed by later invasions of other cells by the merozoites, were usually found 
in haemoglobin-containing cells, either erythrocytes, or more commonly, erythro- 
blasts 

The haemogregarine found by me in M. littoralis follows Laird’s observations 
almost exactly. My two fish hosts were both young specimens and the various para- 
site stages encountered in them were early ones. These extended through: (1) early 
free merozoites in the blood plasma, (2) the formation of up to four schizonts in 
small leucocytes, (3) a small trophozoite in an erythroblast, (4) either one or two 
schizonts of the second series in a single erythrocyte, to (5) a possible early gameto- 
cyte. The nucleus of the host cell was not displaced by the developing parasites 
in the erythrocytes or erythroblasts. The nuclei of the parasitized leucocytes lay 
against one side of the cell, but this was often true in unparasitized leucocytes 

In haemogregarines of fishes the parasite, in the form of a sporozoite, enters 
cells of the fish host from some invertebrate host. These sporozoites undergo one 
or more schizogonic divisions which result in various numbers of merozoites. The 
youngest stage of the parasite found in M. littoralis by me consisted of small oval 


merozoites, 2.1 by 2.6 microns, free in the blood plasma. Their cytoplasm stained 
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a pale blue and the rather large, irregular nucleus reddish with Giemsa stain. The 
schizonts from which they must have come were not found. ‘These merozoites even 
tually penetrate small leucocytes and develop there into rounded schizonts. Such 
schizonts had diffuse nuclei which took a bright pink-orange stain. The cytoplasm 
of the parasite was a pale blue-white, which contrasted strongly with the deep blue 
stain of the host cell cytoplasm, At this stage the paras't. usually lay close against 
the deep red nucleus of the host cell, and sometimes caused an indentation in it 
Typical host cells measured 5.3 by 6.3 microns. 

Usually in such haemogregarines, two schizonts are found in a single host cell 
and each divides by binary fission two times, forming 4 merozoites. Further divi 
sions may occur in one or both of these schizonts and as many as 8 vermiform mero 
zoites may eventually result. These second stage merozoites were not observed in 
my material. However, the situation was encountered in which a 4-fold division 
of the original schizont took place, as is known sometimes to occur, resulting in 
four schizonts of the second series within a single cell, instead of the usual two 
The host cell in this case measured 5.8 microns in both dimensions. 

The merozoites formed as the result of these divisions are eventually freed from 
their host cells, and each penetrates a red blood cell, either an erythrocyte or erythro 
blast. Each merozoite then becomes an iregularly shaped trophozoite. This stage 
was observed in M., littoralis in erythroblasts. These trophozoites continue to grow 
and become schizonts which vary from irregular to a rather typical cucumber shape 
Karly schizonts measuring 2.6 by 5.3 microns were seen in erythrocytes, and typical 
later schizonts, 2.2 by 6.3 microns, in erythroblasts. The nuclei of these two stages 
were centrally located, well defined, and circular. They averaged 1.5 microns in 
width by 2.1 microns in length. A very noticeable feature of the parasite in W. lit 
toralis during these stages was that each contained four white structures, either 
vacuoles or non-staining granules. They were exceedingly refractive in nature, 
and actually stood out so clearly that they served to identify the presence of the 
parasite when blood smears were being examined only under the high power of the 
microscope. A pair of these structures was found at each end of a parasite, and 
they were probably on different planes since only one at each end was in foetus at a 
time. No dark-staining granules were observed in any of the parasites 

laird mentioned rare instances in which two such schizonts were present in 
one red cell, because of its previous invasion by two merozoites. One such doubly 
parasitized erythroblast was seen in my material. The host cell measured 7.9 by 
9.0 microns. These parasites were of the same size, 2.1 by 6.3 microns, with a 
centrally located nucleus and four vacuoles or non-staining granules in each. The 
nuclei measured 1.5 microns in width by 2.1 microns in length. Laird’s measure 
ments for schizonts of 17. bigemina in red cells ranged from 3.6 to 9.2 microns in 
length, and from 2.2 to 4.6 microns in width 

One stage of the parasite found in an erythrocyte was much more elongated 
than any others seen. It measured 2.1 microns at its greatest width by 7.4 microns 
in length, and one end was far thicker than the other. It is possible that this was 
an early gametocytic stage. In //. bigemina each schizont normally divides longi 
tudinally to form two gametocytes. When mature, these are long and slender with 
one end thickened and the other attenuated. The range of Laird’s measurements 


for these was from 9.1 to 14.9 microns in length, and 1.0 to 2.2 microns in width 
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No identifiable mature gametocytes were seen by me, very probably because the 
infection was too recently acquired by the young fish to have yet formed them 

Since the haemogregarine in M, littoralis corresponds in observed life history 
stages and parasite characteristics, shape and measurements, to Laird’s description 
of 17. bigemina, it is therefore believed that the present species 1s bigemina. 

In his paper (1952) on Haemogregarina coelorhynchi n. sp. found in Coelorhyn 
chus australis and Physiculus bachus, Laird showed in Plate 128, Figs. 3 and 4, struc 
tures described in the text as, “the smallest stages of this parasite free forms, 
which measure 5.04 to 5.9» by 2.5 to 3.1 in their greatest dimensions. As 
these occur abundantly in all but chronic infections, it is most unlikely that they are 
sporozoites, . It is probable that they correspond to the smaller of the two types 
of merozoite described from Haemogregarina stepanowi VDanilewsky, a parasite of 
turtles, by Reichenow (1910), that (merozoite) destined to give rise to gameto 
cytes. The small free forms under consideration have a large nucleus which 1s 
rich in chromatin and stains a very deep red with Giemsa. ‘There is a relatively 
small amount of cytoplasm which stains a light blue and appears as a little tongue 
at one or both of the extremities.” 

Free forms answering this description were abundantly present in two other 
whiting specimens than those already mentioned. However, the most careful search 
failed to reveal in either host any other stages of a parasite, if indeed these are para 
sites. ‘Twenty-five random microscope fields under high power each showed fre 
two to six of these free forms present, in each of the two hosts. These forms 
obviously not blood cell types peculiar to MW. littoralis, as they were not present 
in the other 44 specimens examined. 

My free forms, as Laird had stated, had a large nucleus, rich in chromatin, 
which stained a very deep red with Giemsa, and one or two small tonguelike bits 
of light blue-staining cytoplasm at one or both extremities. The dozen measured 
had a range of 1.5 to 3.6 microns in width by 5.0 to 6.5 microns in length. These 
measurements extend Laird’s figures slightly. Whether these free forms are early 
haemogregarine stages does not seem certain from my material. But their abun- 
dance in the same host species which is parasitized by another haemogregarine, 
H1. bigemina, should be noted 

In three specimens out of 35 hog chokers ( Achirus fasciatus) a haemogregarine 
was encountered with a schizont stage which was narrower than //. bigemina, or 


any other haemogregarine species yet described. It parasitized only erythrocytes 


Haeme Jregartina achirt I sp 
(Fig 1-8) 

Diagnosis; Haemogregarine with several observed stage free merozoite in blood plasma 
2.6 by 2.6 microns; cytoplasm alveolar staining bluish-white in Giemsa, cytoplasm containing 
2 large non-refractive vacuoles, several dark-staining granules; nucleus diffuse, staining pink; 
intraerythrocytic stages as follows: trophozoite irregularly shaped, 2.1 by 4.1 microns, nucleus 
central, 1.0 by 2.0 microns, several white refractive bodies (granules or vacuoles) ; developing 
schizonts of various sizes, all curved, ends of equal size, containing 1-4 refractive white bodies 
nucleus central; mature schizont, 1.0 by 8.0 micro nucleus central, 1.0 by 2.1 microns, 1-4 
white refractive bodies, several dark-staining granule Polar caps not present. Leucocytes 


not parasitized 
Host Aclurus ‘asciatus Lacépede 
Location: Blood plasma and inside erythrocytes 
Locality Atlantic Ocean, off St Augustine, Florida 
Holotype Author's collection, slide #429 


# 
Paratypes: Author's collection, slides #F 442, # F450 
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The schizont stage is narrower and outside the range of measurements previ- 
ously given for any other known haemogregarine species 
The earliest stage of H/. achiri seen, a free merozoite in the blood plasma, is 


shown in Fig. 2. In the life history of the parasite each free merozoite apparently 








Figs. 1-8. Haemogregarina achiri n. sp. in Achirus fasciatus 


Drawn with the aid of an Abbé camera lucida 


Fic. 1. Normal erythrocyte; Fic. 2. Free merozoite in plasma; Fic. 3. Merozoite in 


erythrocyte; Fic. 4. Trophozoite in erythrocyte; Fic. 5. Early schizont in erythrocyte; Fic 
6. Later schizont in erythrocyte; Fic. 7. Mature schizont in erythrocyte; Fic. 8. Possible 
early gametocyte in erythrocyte 
then penetrates an erythrocyte (Fig. 3) and develops into a young trophozoite 
(Fig. 4). No intermediate rounded schizonts were present \ll of a series of 
normal, unparasitized erythrocytes measured approximately 6.3 microns in width, 
with a range of 8.0 to 9.0 microns in length. The host cell in Fig. 4 measured 6.3 
by 8.5 microns. 

Developing schizonts with characteristic curved, very slender shapes are shown 
in Figs. 5and 6. The younger schizont (Fig. 5) measured 1.0 by 5.3 microns, and 
its somewhat elongated host cell 6.0 by 9.5 microns. The older schizont (Fig. 6) 
measured 1.2 by 5.8 microns, and its host cell 5.8 by 10.0 microns. What is con 
sidered to be a mature schizont is delineated in Fig, 7, as it was the largest one seen 
in my material. This parasite had greatly distorted its host cell which measured 
6.3 by 10.6 microns. The long, slender parasite touched neither the nucleus nor 
the side of the host cell. Two dark-staining granules were seen at one side of the 
nucleus, with a single bright orange-red staining granule on the other side 

The last stage of the parasite observed is shown in Fig. 8. It is a somewhat 


doubtful one which is considered to be probably an early gametocyte. Its much 
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enlarged host cell measured 11.5 microns long. Three white refractive bodies 
were clearly visible, but there were no dark-staining granules. Whether an early 
gametocyte continues to thicken into a single mature gametocyte, or divides into 
two slender ones, per host cell, is unknown as further stages were not found. Some 
haemogregarine species do the former, and others the latter 

An intensive search of the literature and descriptions of all of the haemogregarine 
species yet reported fails to show any described form with similar curved schizonts 
as small as 1.0 micron wide. In other species in which only a single schizont per 
host cell is formed, the schizonts are considerably wider. The form found by me 
in Achirus fasciatus is therefore considered to be a new species with the character- 
istics described above ; its name, //aemogregarina achiri, is derived from the name 
of its host fish 


SUMMARY 


Heart blood samples of 23 marine fish species collected in the Atlantic Ocean 
off St. Augustine, Fla., were studied for the presence or absence of parasites. All 
proved negative except Menticirrhus littoralis, the Gulf kingfish or whiting, and 
Achirus fasciatus, the hog choker. In two of 46 specimens of M. littoralis a haemo- 
gregarine was found. The observed stages of its life history, and measurements of 
the size ranges of these stages, correspond to those already described for /1aemo 
gy, This is 


gregarina bigemina, to which species it is therefore considered to belong 


the first such report of its occurrence in the United States. 

In three of 35 specimens of Achirus fasciatus a haemogregarine was found with 
a schizont which was narrower than any other known haemogregarine species and 
outside the range of measurements previously givgn for them. It is therefore given 


the name of //aemogregarina achiri, n. sp. from the host fish in which it was found 
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A DESCRIPTION OF ATTEMPTS TO INFECT MOSQUITOES 
WITH AVIAN FILARIAL WORMS 


EDWIN J. Ropinson, JR. 
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and Emory University Field Station, Newton, Georgia* 


Intermediate hosts are unknown for any of the large number of avian filarial 
parasites. Over 1,000 mosquitoes of 13 species and strains were exposed to micro- 


filariae from infected birds in 159 experiments, in attempts to discover if a locally 
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common culicid might serve as an experimental intermediate host for certain of 
these worms. Results were negative, but the observations are reported here because 


the information might be useful for future work. 


MATERIALS AND METHODS 

Several kinds of microfilariae were used. In most of the experiments a dipetalo 
nematid species found in 80% of crows (CM larvae) and another dipetalonematid 
(JM larvae) found in 65% of blue jays (Robinson, 1955) were used. <A species 
from white-throated sparrows and several species from cardinals were used in 
a few experiments. 

The mosquitoes were collected as adults, or reared in the insectary ‘Lest 
dissections proved that the wild-caught mosquitoes, mostly anophelines, were nat 
urally infected with filarial worms so rarely that they were suitable for use in these 
preliminary infectibility experiments. 

The mosquitoes were segregated in lantern chimneys after engorgement on 
infected birds. Spot checks showed that engorgement was equivalent to exposure 


The mosauitoes were dissected from 12 hours to 14 days later. 


RESULTS 

The exposures made are listed here. The first figure after the name of the 
mosquito species indicates the number of exposure attempts, the second the number 
of engorged mosquitoes surviving and dissected. 

Exposed to common crows (Corvus brachyrhynchos): Anopheles quadrimaculatus (wild 
strain), 26/125; A. quadrimaculatus (colonized, Q, strain), 16/141; A. cructans, 15/36; A 
punctipennis, 8/18; Aedes aegypti, 8/144; A. vexans, 11/95; A. trisertatus, 3/29; Psorophora 
ferox, 1/6; P. horrida, 1/1; Culex quinquefasciatus, 5/70; C. pipiens, 1/26; C. melanoconion 
3/5; C. restuans, 2/4; Culiseta sp., 1/0 

Exposed to blue jays (Cyanocitta cristata): A. quadrimaculatus (wild strain), 6/0; 
A. quadrimaculatus (colonized, Q, strain), 8 35; A. crucians, 1/3; A. punctipennis, 1/1; A 
aegypti, 3/15; C. quinquefasciatus, 2/25; C. pipiens, 1/4 

éxposed to fish crow orvus ossifragus), with arvae: A. quadrimaculatus (wile 

Ex 1 to fisl (( f th JM 1 1. quad lat ld 
strain), 12/63; A. quadrimaculatus (colonized, Q, strain), 3/34; A. aegypti, 3/15; A. vexans, 


2/9; C. quinquefasciatus, 2/20; C. melanoconion, 3/3; C. restuans, 1/2 


Exposed to cardinals (Richmondena cardinalis) ; A. quadrimaculatus (colonized, Q, strain), 
3/38; A. crucians, 1/0; A. punctipennis, 1/1; A. aegypti, 1/4; A. vexans, 1/1 

Exposed to white-throated sparrows (Zonotrichia albicollis): A. aegypti, 3/8 

The only development seen was in a few Aedes aegypti exposed to worms from 
a white-throated sparrow. The larvae all migrated to thoracic muscles in fewer 
than 36 hours. Eight days later, one mosquito contained both living, unchanged 
nucrofilariae and some worms which had become shorter, thicker, less active, more 
deeply staining and internally rearranged. These were interpreted as abortive 
“sausage” forms. 

Microfilariae ingested by anophelines often left the stomach within a few hours, 
but were rapidly covered by a brown capsule if they remained in the stomach. This 
capsule was deposited in small granules or plaques on the living worm The 
worms rarely survived beyond three days in the abdomen, since they usually were 
encapsulated during that time. Only 18 of the anophelines dissected from 4 to 7 
days after exposure contained living worms, and all of 38 mosquitoes dissected 
more than 8 days after exposure contained only dead, encapsulated worms. Aimless 
and sporadic migrations to thorax and head sometimes occurred 

The worm larvae usually were killed and digested in the culicine stomach If 


they survived there for 24 hours, they appeared moribund, and sometimes were 
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partially encapsulated. The few larvae which penetrated to the abdomen met the 
same fate as those in anophelines. Migration to the head or thorax occurred in 
7 mosquitoes examined. CM larvae lived for 8 days in the thorax and abdomen of 
4 Aedes triseriatus, 6 days in the abdomen of 2 A. aegypti, and for 3 days in 1 
A, vexans and 2 Culex quinquefasciatus, The worms were digested so rapidly 
that most exposed culicines were negative for filarial larvae as soon as the blood 
meal was digested. 

Larvae were not predisposed to enter a particular tissue in either kind of mos 
quito, and none went to the Malpighian tubules 

Occasionally, it was noticed that Anopheles quadrimaculatus which lacked 
developing eggs after engorgement also were negative for filarial larvae. In one 
experiment, 5 of 17 previously engorged mosquitoes were negative both for worms 


and ovarian enlargement 4 days after the meal, while the remaining 12 all contained 


both encapsulated worms and developing eggs. Blood specks were found in the 
t 


lantern chimney. It is apparent that 5 of the insects had eliminated the blood 
shortly after engorgement, so the worms did not invade the body cavity, and eggs 
did not mature. It is not evident whether this phenomenon is an element in deter- 
mining the number of mosquitoes which will become naturally infected with filarial 
worms 


DISCUSSION 


The responses of the mosquitoes to the worm larvae were similar to those 
described by Kartman (1953a) and others, particularly the process of encapsulation. 
Differences in detail no doubt are due to the different helminth species involved, 
and the different host capabilities of the mosquitoes 

It is known that mosquitoes often void a portion of a blood meal, and Kartman 
(1953b) studied this phenomenon in 31 Anopheles quadrimaculatus after ingestion 
of Dirofilaria immitis larvae. We found a loss of only 7% of the total number of 
ingested larvae. The present report is unusual in that all the blood and all the 
larvae passed from an appreciable number of mosquitoes, thus preventing even 
temporary infection by the worms. 

The crows and blue jays in nature are very rapidly infected in large numbers 
soon after hatching (Robinson, 1955), so a highly efficient vector is indicated. 
The complete lack of success in infecting mosquitoes with these worms shows that 
probably the species in which about 15 or more specimens were negative probably 


will not serve as good hosts, and that possibly the host in nature is not a culicid insect. 


SUMMARY 
1. One thousand mosquitoes of 13 species and strains were exposed to dipetalo 
nematid microfilariae of birds, mostly crows and jays. With a minor exception, 


no development followed 
2, It is concluded that none of these species which were adequately tested could 


serve as a good intermediate host for these worms 
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THE GENUS MYONYSSUS TIRABOSCHI (ACARINA: DERMANYS 
SIDAE) INCLUDING A NEW SPECIES FROM PIKA 


DEANE P. FURMAN AND VERNON J]. Tipton! 


Department of Entomology and Parasitology, 
University of California, Berkeley 


The genus Myonyssus Tiraboschi 1904, as now known, contains only five species, 
including the new species described here. The host and geographic range of the 
genus as a whole is quite varied, although the recorded range for any one species 
is characteristically restricted. Myonyssus decumani. Tiraboschi 1904 is a parasite 
of the murid rodents Rattus rattus norvegicus and Mus musculus in Europe, in 
cluding the British Isles. M1. gigas (Oudemans) 1912 is found in Europe on 
INSECTIVORA and Ropentia of the genera Talpa and Apodemus respectively 
M. jamesoni Ewing and Baker 1947 is common on the insectivore Blarina brevi 
cauda in eastern United States and Canada, though Jameson (1950) recorded two 
specimens which he regarded as strays on Sorex fumeus, M,. shibatai Asanuma 
1951 has been recorded only from Microtus pelliceus in southeastern Manchuria. 
The new species described here has been taken only from a lagomorph, Ochotona 
princeps, in Utah, western United States. 

It is interesting to note that the new species, occurring on a host found cus 
tomarily from the Canadian to the Arctic Life Zones, is most closely related mor 
phologically to the species found only in Manchuria, M. shibatai. A similar host 
parasite relationship is indicated by specimens identified by the authors as //aemo 
gamasus mandschuricus Vitzthum taken from Ochotona schisticeps at over 13,000 
feet elevation on White Mountain, Mono Co., California, and from Ochotona prin 
ceps at Buffer Lake, Beaver Co., Utah. This species has been reported previously 
only from China and Japan. The H. mandschuricus finding also peves a distinct 
problem, since a close relative, //. alaskensis Ewing, occurs commenly in north 
eastern and northwestern United States, and a question of intraspecific variation 
may be involved. 

Radford (1950) listed two additional species in the genus Myonyssus, viz. M. 
eidmanti Sellnick 1941, and M. minor Sellnick 1941. However, these belong to 
the genus W/yrmonyssus Berlese 1903. 


Generic Diagnosis 


Myonyssus, family DeRMANYSSIDAE, according to the family diagnosis of Baker and 
Wharton (1952); with elongate, shear-like chelicerae in both sexes, bearing no distinct teeth 
Deutosternum (capitular groove) with single column of teeth. Dorsal plate covering essen 
tially entire idiosoma. Tectum a delicate, narrow, triangular projection without fimbriation 
Sternal plate of female broader than long, but extending to level of Coxae IIT, with usual 
three pairs of setae. Genito-ventral plate of female and ventral portion of holoventral plate 
of male bearing numerous accessory setae. Holoventral plate of male entire, including anal 
plate. Anal plate of female relatively large, with postero-lateral margins forming a continuous 
broad arc; anterior margin usually with a pronounced concavity; typically only three setae 
on plate, but an additional one or two may be included 


The genus Tefragonyssus Ewing 1922 is considered a synonym of Myonyssus 
> 2 > 
Tiraboschi, 1904. It was established with Liponyssus gigas Oudemans as the type 
fig | 
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M yonyssus should logically be included in the subfamily MAcRkoNyssINAE of 
the DeERMANYSSIDAI Lda Fonseca (1948) relegated Myony ssus to the LAELAPTI- 
DAE, however, by restricting his family diagnosis of MACRoNyssIDAE in the following 
way: . “Genital plate of females not enlarged, with one to three pairs of setae. 
Anal plate more or less pyriform, never enlarged or prolonged.” Myonyssus is 
placed in the subfamily MAckonyssinage by omitting the above restrictions and 
considering the subfamily as enlarged in scope 

There is no doubt that Myonyssus has affinities with the family LAELAPTIDAI 
however, the nature of the chelicerae exclude it from that family as do other charac- 
ters such as the possession of a single column of denticles on the deutosternum. 

VU yonyssus also shows affinities with the family HAEMOGAMASIDAE, from which 
it is excluded by the delicate, triangular, non-fimbriated tectum as well as by other 


features such as sparse pilosity and a single column of teeth on the deutosternum 


Key to the Species of M yonyssus 


Anal plate of female decidedly wider than genito-ventral plate. Posterior pair of setae of 
dorsal plaice of male longer than hind tarsus ; ; ; 3 
Anal plate of female, at most, only slightly wider than genito-ventral plate. Posterior pair 
of setae of dorsal plate of male not as long as hind tarsus 4 


Anal plate of female 11% times wider than long; not more than 12 setae on genito-ventral 
plate. Setae of ventral portion of male holoventral plate longer than those of sternal area 

decumani Tiraboschi 

Anal plate of female over two times wider than long; more than 12 setae on genito-ventral 
plate. Setae of ventral portion of male holoventral plate shorter than those of sternal area 3 

Genito-ventral plate of female extending to approximately same level as metapodal plates, 
caudal margin irregularly shaped; postanal seta almost twice as long as adanal setae 

Setae lateral of male holoventral plate much shorter toward body margin ; 

jamesont Ewing and Baker 

Genito-ventral plate of female extending well beyond metapodal plates, caudal margin 
typically well rounded; postanal and adanal setae approximately same size. Setae lateral 

of male holoventral plate not much shorter toward body margin gigas (Oudemans ) 

Female with not over 15 setae on genito-ventral plate; peritreme extending to anterior 
one-fourth of Coxa II, Male with not more than 20 setae on ventral portion of holo 

ventral plate montanus Furman and ‘Tipton, new species 

Female with more than 20 setae on genito-ventral plate ; peritreme extending to anterior 
border of Coxa III. Male with more than 30 setae on ventral portion of holoventral plate 

shibatat Asanuma 


The original short description of Liponyssus gigas published by Oudemans 


(1912) was amplified by his very detailed description with illustrations appearing 


in 1913. He raised a rather confusing point in the latter, however, by describing 
and illustrating a tri-pronged tine on the palpal tarsus of the male and female 
One must assume that he was mistaken on this point since all other members of 
the family have a two-pronged tine. No mention was made of such an unusual 
character by Hirst (1916) who worked with this species collected in Scotland 
A specimen at the U. S. National Museum collected from Apodemus sylvaticus 


in Devon, England, shows only a two-pronged palpal tine. 


Vyonyssus montanus Furman and Tipton, new species 
Female, Figs. 1, 2, 5-7 


(Measurements in microns 


Idiosoma 896 long and 529 wide; an elongate oval mite with indistinct shoulders and rather 
short legs 


Dorsum—Dorsal plate covering essentially dorsum: surface with light polygonal 
reticulation; 36 pairs of setae horter (25-37) he central area than toward margins (up 


t (125) with adjacent marginal pair only 75 long, each 


to 57); posterior marginal pair longes | 
with a “sensory” spot nearby on the dorsal plate 


} k 
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Venter-—Base of tritosternum approximately as wide as long and with a pair of small 
| 


sharp projections latero-distally; sparsely tose laciniae branching close to basal segment 
and extending to level of distal hypostomal setae Presternal area reticulate Sternal plate 
measuring 140 long at mid-line and 175 at narrowest width; roughly trapezoidal with anterior 
border strongly convex, other margins slightly concave; posterior corners truncate; surface 
reticulate, punctate; three pairs of sternal plate set: ubequal, about 87 long, more widely 
separated posteriorly, although md { external to line connecting first and third pairs; 
anterior pair of pores with transy axis, located postero-lateral to anterior setae; second 
pair of pores postero-lateral to second pair of setae and with axi ib-vertical. Metasternal 
pair of setae arising from vestige of metasternal platelet Genito-ventral plate surface similar 
to that of sternal plate; ventral portion of plate extending almost to anal plate and enlarged 


laterally from a narrowest width of 118 just posterior to genital setae to a width of 230 at 
the level of metapodal plates; 15 setae of the genito-ventral plate subequal in length except 
for the single unpaired seta anteriorly located which has a length two-thirds that the rest 
Anal plate almost as wide a genito-ventral plate | | y : 1 { i with concave 
anterior margin, lateral and posterior margins forming a continuou ep % ; surface pune 
tate reticulate; size 125 long measured on the line by greatest width of 200; anus located 


closer to posterior than anterior margin of plate; only the usual tl ae on the plate; 
adanal setae 56 long; postanal seta 87 long. Metapodal plates obscure in type, but in paratypes 
represented by pair elongate narrow sclerotizations measuring 63 by 15. Peritremes extend 
ing almost to anterior border of Coxae Il; peritrematalia narrowed posteriorly with a_ pore 
near free extremity. Unarmed portion of venter with 17 pairs of strictly ventral setae plus 
eight pairs more or marginal; setae gradually increasing in length posteriorly to maximum 
of 100 

Legs—Coxae with the usual setae well developed, antero-dorsal spine of Coxa II promi 
nent. Legs short and rather stout. Hind legs longest, measuring approximately 645; legs 
I] and III of subequal length and shorter than leg I Setae of legs essentially normal for 
genus, although on legs I and II a dorso-apical pair on the femora and a basal dorsal seta 


of the patella are elongate as in many laelaptid mites. On tarsus I are located three apico-dorsal 


setae mounted on prominent pedicels, probably sensory in nature 

Gnathosoma—Chelicerae 235 long; digits narrow, tapering apically, approximately 55 
long, without visible teeth; fixed digit with a minute subapical node and an almost impercep 
tible apical spoon-like enlargement lip of movable digit with minutely serrate blade-like 
tip. Tectum shape, an elongate isosceles triangle with narrow, pointed anterior tip reaching 
almost to end of palpal femur Deutosternum (capitular groove) with longitudinal column 
of about nine denticlk Corniculi long, transparent processes extending almost to distal 


margin of palpal femur. Palpi well supplied with setae, tarsus bearing usual two-tined process 


Male, Figs. 3-4 


(Measurements in microns) 


Idiosoma 785 long and 512 wide; general appearance as in female 

Dorsum—Dorsal plate as in female though with less complete coverage of postero-dorsal 
aspect of idiosoma; uncovered portion bearing approximately nine to ten pairs of setae 

Venter—Tritosternum and presternal area as in female. Holoventral plate complete with 
male genital opening on convex anterior margin flanked by the anterior sternal setae; setae 
and pores of sternal area arranged as in female; a third (metasternal) pore with vertical 
axis situated between third and fourth pairs of setae. First three pairs of setae of subequal 
length (88), fourth and fitth pair slightly shorter (75) In addition to the above mentioned 
five pairs of setae, the holoventral plate bears from seven to nine pairs and two more or less 
median unpaired setae on the ventral portion; setae slightly shorter than those of sternal 
region; the irregular sclerotization of the plate of the allotype includes two more setae on 


1 


ore ide than the other; anal portion of plate bears a pair of adanal setae and a single po tanal 
seta. Adanal setae 30 long, postanal 75. Holoventral plate not appreciably widened in ventral 
area; anal area subequal to it in width, with posterior tapering somewhat to broadly rounded 
margin Approximately 17 pairs of setae on unarmed portion of venter; the posterior pair 
longest but measuring only about 93 long. Peritremes and metapodal plates as in female 

Legs-—Essentially as in female, the first tarsus bearing three pedicellate setae Leg Il 
with somewhat stouter postero-ventral spines on femur, patella, tibia, and tarsus. Tarsus II 
ending in a short, stout, claw-like tip, above which rises the caruncle Medial seta of Coxa I, 
posterior seta of Coxa II, and both setae of Coxa III rather enlarged 

Gnathosoma—Essentially as in female, total length of chelicerae same as in female, but 
digits almost 120 long, distal portion indistinct, but each digit appe:z : a simple 
tapering, slightly curved rod 





FURMAN AND TIPTON—GENUS MYONYSSUS 


Deutonymph 
(Measurements in microns) 


Idiosoma 729 long and 432 wide, shape as in female 


Dorsum—Dorsal plate extending from anterior to posterior margin of idiosoma, but leaving 
a considerable lateral margin of dorsum exposed. Plate entire but subdivided into major regions 


somewhat as in M. gigas deutonymphs; the anterior portion extending to mid-level of Coxae 
IV and separated from the posterior portion by lateral indentation, and an incomplete trans 
verse slit; the posterior portion with a suggestion of the subdivision illustrated by Oudemans 
for M. gigas with the posterior section having somewhat more distinct scale-like sculpturing 








Vyonyssus montanus, female Fic. 5 1 view of g 


iathosoma with adjacent area 


femur and patella; Fic. 6. Ventral view of gnathosoma; Fic. 7. Tarsus | 


than remainder of plate Entire plate very lightly sclerotized, bearing, in addition t 


anterior pairs of vertical setae, about 21 pairs of setae, longer peripherally than centrally 


posterior marginal pair longest; two pairs of rounded “sensory” spots located ne 
posterior two pairs of setae Approximately 25 pairs of setae on unarmed portion 


ar base 


} 


Venter—Tritosternum as in female but laciniae shorter Sternal plate 
convex anterior border; lateral margin sinuous, width of plate increasing slight 


until midway between level of second and third pairs of setae, tapered behind t 


setae to a posterior narrowly rounded tip situated just behind level of Co 


MAC 


three pairs of setae located on sternal plate, the metasternal and genital pairs located 


cuticula lateral to tapered portion of plate. Two pai of sternal pores located 
though nymphal plate margins barely include the second pair. Anal plate st 


. pe 
Nap 


of female except overall anterior concavity is offset by a slight antero-medial « 





184 THE JOURNAL OF PARASITOLOGY 


100 long by 160 wide, bearing the three usual setae Postanal seta slightly longer than paired 
adanal setae. Lateral margins of plate bearing a pair of pores at level of adanal setae. Approxi 
mately 57 setae on unarmed portion of venter posterior to genital setae. Peritremes short, not 
extending to anterior margins of Coxae III Metapodal platelets very lightly sclerotized, 
nude, measuring approximately 25 long by 12 wide 

Gnathosoma—Essentially as in female 

Holotype female and allotype male deposited in U. S. National Museum; collected 1 July, 
1952 from Ochotona princeps at Geyser Pass, La Sal Mountain, San Juan Co., Utah, by 
D. E th the 
same collection data as type 


feck and associate Paratypes: Eight females, four males, and nine nymphs with 


Myonyssus montanus is distinguished from its closest relative M. shibatai 
by the longer peritreme which extends to the anterior one-fourth of Coxa II, by 
the smaller number of setae on the genito-ventral plate of the female, by the relative 
size of the postanal seta which is 1.5 times the length of the adanal setae on the 
female and 2.5 times as long as those on the male, and by the size of the setae of 
the ventral unarmed portion of the opisthosoma which are all relatively large and 
increase in length gradually from anterior to posterior. 

Variable characters encountered in MM. montanus include the number of setae 
on the genito-ventral plate of the female which vary from 11 to 15 in the specimens 
at hand. In one male the peritreme is shorter than usual, extending only to the 
posterior border of Coxa III. Slight variations are also to be found in the posterior 
margin of the sternal plate of the female, which ranges from definitely concave to 
almost straight 


SUMMARY 


The genus Myonyssus Viraboschi, 1904 is reviewed. It is placed in the sub 


family MAcronyssiNAg, family DerMANyssipAr. The generic diagnosis is given 


with a key to the five species now known. Myonyssus montanus is described as 


a new species trom Ochotona princeps of San Juan Co., Utah 
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MONOGENETIC TREMATODES OF GULF OF MEXICO FISHES 
PART I]. THE SUPERFAMILY GYRODACTYLOIDEA 
(CONTINUED)* 


WittiAM J. Harats, JR. 
rhe Citadel, Charleston, 5. ( 


This paper is the second of a series on monogenetic trematodes of Gulf of Mexico 


fishes. It treats several species belonging to the subfamily TeTRAONCHINAE Mon 
ticelli, 1903 and is a continuation of the data concerning members of the superfamily 
GYRODACTYLOIDEA Johnston and Tiegs, 1922 obtained during a recently concluded 
study of these ectoparasites. The scope, organization and purpose are the same 


as for the first installment. 


Genus Ancyrocephalus Creplin, 1839 


Price (1937) and Yin and Sproston (1948) have remarked on the similarity 
of the genera Ancyrocephalus and Haliotrema Johnston and Tiegs, 1922. In addi 
tion there has been an increasing tendency for worms assigned to one genus to 
exhibit taxonomic characteristics of the other, e.g. the vaginal pore being on the 
right side of the body in A. thysanophrydis Yamaguti, 1937, supposedly one of the 
distinguishing characters of Haliotrema. Another character recently proved unreli 
able is the presence (Ancyrocephalus) or absence (//aliotrema) of eyespots because 
several species assigned to the latter group definitely have eyespots. ‘The presence 
of a loop of the vas deferens around or lateral to the crus of the gut ts re garded 
by Yamaguti (1953) as a generic character of //aliotrema; however, a study of 
the description of the type species indicates that its vas deferens remains entirely 
between the intestinal crura. Obviously, while this character may be generic in 
nature, it cannot be used to distinguish //aliotrema Johnston and Viegs, 1922 from 
other tetraonchids. Although the original authors described the crura of the gut 
in the type species, Haliotrema australe Johnston and Tiegs, 1922, as not confluent 
posteriorly, Yamaguti (1942 and 1953) described several new species whose crura 
are confluent and placed them in this genus. This is another confusing development 
and an indication that the poor condition of the tetraonchid systematics mentioned 
in the first paper of this series is not exaggerated 

Because of this situation and with the knowledge that Haliotrema will fall if 
future revisers find the two genera synonymous, the two new speci described 
helow are assigned to the older genus Ancyrocephalus 

\ similar situation appears to exist between Ancyrocephalus and Tetrancistrum 


Goto and Kikuchi, 1917. This will be discussed in the next paper of the seri 


Ancyrocephalus bal 


(Figs. 19-27) 


Host: Balistes carolinensis Gmelin, Common Trigverfis! 
Location: Gills 
Locality: Alligator Harbor, Franklin Co., Florida 


Received for publication, August 17, 1954 

* Contribution from the Oceanographic Institute and Department 
State University. 

Acknowledgements and dedication of the present installment are the 
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Number studied: 12 
Number measured: 5 
Holotype USNM Helm. Coll. No 49335 
Paratype: USNM Helm. Coll. No, 49336 
by 0.131 (0.102-0.153) wide, 


Description: Body cylindriform, O.838' (0.637-0.924) long 
bluntly rounded anteriorly, narrowed to posterior peduncle. Cuticle apparently thin and smooth 


Prohaptor of 3-4 pairs of antero-lateral head organs connected posteriorly to prominent cephalic 


glands. Opisthaptor expanded, disk-like, about 0.119 (0.096-0.127) in diameter; armed with 
2 pairs of centrally placed anchors, 2 bars and 14 hook Anchor pairs dissimilar in shape 
and size; ventral anchors longer than dorsals, 0.052 (0.051-0.054) long by 0.010 (0.008-0.012) 
wide at base, with shorter, stouter superficial roots and small deep root wide shafts and 
recurved tips; dorsal anchors shorter, 0.043 (0.032-0.050) long by 0.007 (0.005-0.009) wide 
at base, longer superficial root mall deep roots, shafts and tips more recurved jars 


slightly dissimilar, not articulated; ventral bar regular in outline, 0.068 (0.049-0.081) long 
by O.011 (0.008-0.014) wide dorsal bar variousl curved 0.052 (0.037-0.057) lone by 0.008 
(0,005-0.011) wide. Haptoral hooks slight, 0.010 (0.008-0.012) long, 6 pairs in two ventro- 


lateral groups, 1 pair on dorsal rim. Two peduncle glands, large; saccate, containing large 


} 


cellular bodies probably opening on haptor irface Pharynx ovoid, muscular, 0.068 (0.050 


0.081) long by 0.010 (0.008-0.013) wide; esophagus very short. Gut bifurcated, crura unrami- 


fied, possibly not joined posteriorly ; however, several of the specimens appear to show a very 


slight junction posterior to the testi Testis equatorial, in midline, 0.074 (0.047-0.089) long 
by 0.004 (0.041-0.077) wide; vas deferens proceeding anteriorly on left side lateral to left 
intestinal crus, slightly expanded to form small seminal vesicle which loops on itself and 
joins proximal end of cirrus. Cirrus, 0.032 (0.024-0.042) long by 0.006 (0.005-0.007) wide, 
cuticularized, with expanded proximal end and stout, hollow tube which is slightly spiraled and 
bears a cirrus vane. Genital pore probably common, situated ventral to cirrus and slightly 
to left of midline Ovary saccate, pretesticular, in midline; oviduct very short Uterus a 
thin-walled tube to genital pore Vaginal pore opening on right body margin; vaginal tube 


slightly cuticularized, joining seminal receptacle posteriorly; seminal receptacle small, in 
midline, antero-corsal to ovary, apparently opening into oviduct. Mehlis’ gland around ootype 
and immediately antero-ventral to seminal receptacle Vitellaria follicular, around intestinal 
crura, beginning just posterior to pharynx, terminating immediately posterior to ends of crura; 
transverse vitelloducts joining oviduct antero-ventral to seminal receptacle. Egg not observed 
Four granular eyespots s‘tuated antero-dorsal to pharynx 


Discussion: Another tetraonchid, Diplectanotrema balistes MacCallum, 1915, 
occurs on this host. A study of the cotype slide of D. balistes showed that the 
present species is definitely different 


Ancyrocephalus balisticus n. sp. differs from other members of the genus in the 


following particulars: (1) haptoral bar shape, (2) medial direction of the long 


superficial roots of the dorsal’anchors, (3) spiralling vane of cirrus, (4) host. 


Ancyrocephalus felis n. sp 
(Figs. 28-33) 


Host: Galeichthyes felis (Linn.), Sea Catfish, a bentholittoral marine ariid 
Location: Gills 

Locality Alligator Harbor, Franklin Co., Florida 

Number studied: 12 

Number measured: 5 

Holotype: USNM Helm. Coll. No. 49337 

Paratype: USNM Helm. Coll, No. 49338 


Descripticn: Body elongate, fusiform, 3.5 (3.0-4.3) long by 0.5 (0.40.6) wide, anterior 
end bluntly rounded, narrowed posteriorly to a long peduncle terminated by a bulbous opis- 
thaptor. Cuticle thin and smooth over most of the body, weakly striated in the opisthaptor. 
Prohaptor of 3 pairs of antero-lateral head organs connected by ducts to cephalic glands 
postero-lateral to pharynx, variable in posterior extent Opisthaptor bulbous, 0.206 (0.159- 
0.236) long by 0.183 (0.127-0.216) wide, armed with 2 pairs of anchors, 2 bars and several 


haptoral hooks. Anchors dissimilar in size and shape; ventral anchors longer and stouter than 


' Unless otherwise indicated measurements in this paper are in millimeters 
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dorsals, 0.042 (0.035-0.048) long by 0.012 (0.011-0.015) wide at base, both roots nearly ves 
tigial, shafts short and curved to tips; dorsal anchors, 0.030 (0.024-0.035) long by 0.003 (0,003 
0.004) wide at base, roots also nearly vestigial but of different shape from those of ventral 
anchors, Bars slightly dissimilar in size and shape; ventral bar stouter, (3) 0.039 (0.03% 
0.040) long by (3) 0.007 (0.007-0.008) wide, at times ornamented medially by a thin, cuticular 
ized plate; dorsal bar more delicate, (3) 0.025 (0.019-0.028) long by (3) 0.003 (0.003-0.004) 
wide, irregular in outline. Haptoral hooks marginal, shafts stout, tips sickle-shaped, 0.056 (0.047 
0.065) long by 0.005 (0.004-0.007) wide at shaft; only 12 hooks seen in this form but probably 
the usual 14 are present. Mouth ventral to eyespots. Pharynx ovoid, 0.171 (0.152-0,182) 
long by 0.121 (0.067-0.150) wide, esephagus short, often with unusual darkly-staining bodies 
located in its lateral walls. Gut bifurcated, crura unramified and not confluent posteriorly 
Testis saccate, 0.124 (0.097-0.243) long by 0.104 (0.067-0.130) wide, preequatorial, between 
intestinal crura; vas deferens running anteriorly lateral to the left crus, widening to form a 
seminal vesicle to left of cirrus complex then recurving to enter cirrus bulb at its posterior end 
Cirrus complex consisting of a bulb and cirrus, accessory piece apparently not present. Cirrus 
bulb, 0.108 (0.091-0.128) long by 0.088 (0.076-0.112) wide, irregularly ovoid, cuticularized; 
cirrus long, 0.523 (0.502-0.557) long by 0.005 (0.003-0.006) wide, and thin, recurved, pointing 
anteriorly, with a delicate cirral thread at its tip and a widened, distal cuticularized flange 
which may function as an accessory piece. Genital pore apparently common, midventral, approxi 
mately 0.562 (0.478~-0.688) from anterior end, near intestinal bifurcation. Ovary sacecate, pre 
testicular, obliquely situated; wide oviduct extending anteriorly in midline to receive Mehlis’ 
gland and vitelloducts. Ootype short; uterus slightly dextral to midline, opening. at genital 
pore. Vaginal pore on right margin, opening into a blind pouch with cuticularized and much 
folded walls; vaginal duct extending from open end of pouch posteriorly to empty into. the 
spherical seminal receptacle; duct of seminal receptacle enters oviduct midway. Mehlis’ gland 
between and lateral to intestinal crura, extending from level immediately posterior to pharynx 
to posterior one-third body level. Egg not observed. Four angularly placed eyespots antero 


dorsal to pharynx. 

Discussion: Ancyrocephalus felis n. sp. differs from all other members of the 
genus in the following respects: (1) unusual, elongate, cylindrical body shape and 
long peduncle, (2) shape and arrangement of the haptoral hooks, (3) differences 
between the dorsal and ventral elements of the two anchor and bar pairs, (4) bulb 
ous opisthaptor, (5) host. 

This species is tentatively placed in the present genus with full realization that 
later revision may show that it more properly belongs in another, perhaps a new, 
genus 

Ancyrocephalus lactophrys (MacCallum, 1915) 
Johnston and Tiegs, 1922 

Synonym: Diplectanum lactophrys MacCallum, 1915 

Host: Lactophrys tricornis (Linn.), Cowfish, a slow-moving neritic ostractid 

Location: Gills. 

Locality, Alligator Harbor, Florida 

Previously reported host and locality: Lactophrys tricornis (= Acanthostracion quadri 
corns) from the N. Y. Aquarium by MacCallum (1915) 

Number studied: 42 

Discussion: There are some slight differences between MacCallum’s (1915 
and Price’s (1937) descriptions and my specimens, but they are not considered 
specific in nature, ‘lhe haptoral bars vary somewhat in shape, differing even between 
specimens from one single host. The cuticularized flap at the distal end of the 
cirrus is larger in my specimens. In some individuals the testes are so swollen 
that they cause the fluke’s sides to bulge, in others they are relatively small. This 
testis variability may be indicative of an alternation of sex phases as was reported 
for some polyopisthocotyleids by Sproston (1946) with the male phase occurring 
when the testes are larger 


This species needs redescription because the earlier descriptions were made from 
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specimens in MacCallum’s collections and no fresh collections have been reported 
until the present time. 
Ancyrocephalus parvus Linton, 1940 
Host: Tylosurus marinus (Walbaum), Billfish 
Location: Gill 
Locality; Alligator Harbor, Florida. 


Previously reported host and locality: Gills of 7 ylosurus marinus from Woods H 
Number studied: 56 


a nerito-pelagic marine belonid 


ole, Mass 


Discussion: A study of the holotype and paratypes on USNM Helm. Coll. slide 


No. 8143 and comparison with the specimens in the present collection definitely 
established the conspecificity of the two groups of specimens. Slight differences 
in shape between Linton’s (1940) worms and those in this collection are thought 
to be due to differences in technique, since Linton regularly fixed by flaming. The 
hard parts are definitely the same. ‘This fluke needs redescription. 

For a time during this study it was suspected that A. parvus and A. tylosurt 
(MacCallum, 1917) Johnston and Tiegs, 1922 (from the N. Y. Aquarium) might 
be synonymous because they are from the same host, 7ylosurus marinus. How 


ever, a comparative study of the type slides of both forms definitely established 
their difference 


Genus Hamatopeduncularia Yamaguti, 1953 
Hlamatopeduncularia bagre n. sp 
(Figs. 34-38) 
Host: Bagre marinus (Mitchill), Gafftopsail Catfish, a bentho-littoral marine artid 
Location: Gills 
Locality: Alligator Harbor, Franklin Co., Florida. 
Number studied: 28 
Number measured; § 


Holotype: USNM Helm. Coll. No, 49339 


Description: Body elongate, 1.49 (0.89-1.90) long by 0.167 (0.121-0.210) wide 
parallel, flattened dorso-ventrally, anterior end notched, angular, opisthaptor wider 
proper. Cuticle thin and smooth. Prohaptor of 3 pairs of antero-lateral head organs. Opis 
thaptor rectangular, spatulate, 0.320 (0.268-0.414) long by 0.245 (0.178-0.358) 
with 2 pairs of anchors 


sides nearly 
than body 


wide, armed 
3 haptoral bars, dorsal bar in two parts, and lateral lappets or peduncles 
bearing haptoral hooks Anchors dissimilar in shape and 
(9.052-0.140) long by 0.012 (0.003-0.018) wide at base, roots short with the superficial ones 
more prominent, shafts weakly curved to tips, tips more strongly 
much longer, 0.241 (0.204—-0.258) long by 0.026 (0.012-0.033) 


size: ventral anchors shorter, 0.075 


recurved; dorsal anchors 
wide at base, shafts long and 
lightly cur, d, tips strongly recurved, wing-like expansions in the angles between shafts and 
tips, superficial roots longer, very variable in length and shape, deep roots small to vestigial 
tars dissimilar in size and shape, the divided dorsal bar is considered as two similar dorsal 
bars; ventral bar delicate, 0.071 (0.064-0.091) long by (4) 0.006 (0.003-0.006) 
in a broad V-shape; dorsal bars similar in size and shape, 
0.110 (0.079-0.150) long b 


wide, bent 
elongate, terminally expanded 
y 0.022 (0.009-0.030) wide, articulated and surrounded by muscle 
medially. Haptoral hooks small, 0.014 (0.011-0.016) long with slight bulb-like shafts 
sickle-shaped ends, only 5 pairs seen, situated at the ends of the lateral and posterior lappets 
with 3 pairs individually placed on the 3 pairs of lateral lappets and 2 pairs each on the 2 postero 
lateral lappets. Mouth midventral, anterior to level of eyespots; buccal canal short. Pharynx 
ovoid, 0.089 (0,008-0.109) long by 0.058 (0.047-0.078) wide; esophagus absent Gut bifu 
cated, crura unramified and almost completely separated posteriorly, but apparently joined 
behind testis by a very delicate cross-element. Unusual 
the posterior crural ends Pestis equatorial, 
by 0.058 (0.027-0.079) wide 


and 


darkly-staining mass of cells between 
saccate very large. 0.353 (0.i66-0.733) long 
vas deferens curving to the lateral side of the left 


intestinal crus 
and running anteriorly where it recurves, forms a seminal 


vesicle and enters the cirrus pos 
teriorly Cirrus complex consisting of a stout, irregularly coiled cirrus, 0.062 (0.047—).070) 
long by 0.004 (0.003-0,004) wide, paralleled by a cuticularized, band-like body (interpreted 
as an accessory piece); accessory piece 0.059 (0.047-0.070) lone Masse 


of lara prostate 
cells anterior to cirrus. complex in angle formed by intestinal 


crura. Genital pore common, 
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slightly to right of midventral line near distal tip of cirrus. Ovary posttesticular, large and 
irregularly saccate; oviduct extremely short. Ootype short; uterus in midline running to 
genital pore. Vaginal pore on right margin at one-third level of body, armed by a small, 
laterally placed rod-like papilla, 0.011 long; vaginal duct coursing medially to open into the 
small, spherical seminal receptacle which apparently opens into oviduct. Mehlis’ gland imme 
diately anterior to ovary around ootype. Vitellaria follicular, near intestinal crura, from level 
immediately posterior to pharynx to the posterior tips of crura; transverse vitelloducts appat 
ently joining oviduct ventral to seminal receptacle. Egg im utero angular, irregular in outline, 
(2) 0.167 (0.103-0.231) long by (2) 0.112 (0.069-0.155) wide, with a short filament with slightly 
recurved tip. Four granular eyespots antero-dorsal to pharynx 

Discussion: Hamatopeduncularia bagre n. sp. is placed in this genus because 
of the haptoral lappets or peduncles on which the haptoral hooks are located. 
Because of the differences between the type species and the present one, this place- 
ment may require alteration when the subfamily is revised. 

H. bagre n. sp. is most similar to the type species, 7. arit Yamaguti, 1953, 
from which it differs in the following respects: (1) two articulated dorsal bars, 
which may actually be homologous to the one dorsal bar of others, (2) extreme 
dissimilarity of sizes of the two anchor pairs, (3) looped, tubular cirrus, (4) sclero- 
tized papilla in vaginal wall, (5) host. 


Genus Pseudohaliotrema Yamaguti, 1953 


Because the taxonomy of the entire subfamily is so unsettled and their diagnostic 


criteria are so ill-defined, it is not possible to accept the subgenera proposed by 


Yamaguti (1953). 
Pseudohaliotrema carbunculus n. sp. 
(Figs. 39-43) 


Host: Lagodon rhomboides (Linn.), Pinfish, a bentho-littoral marine sparid 
Location: Gills. 

Locality: Alligator Harbor, Franklin Co 
Number studied: 141. 

Number measured: 5. 

Holotype: USNM Helm. Coll. No. 49340 
Paratype: USNM Helm. Coll. No. 49341. 


Description: Body somewhat cylindrical, 0.396 (0.318-0.503) long by 0.056 (0.038-0.064) 
wide, angular anteriorly and widely spatulate posteriorly, Cuticle thin and smooth. Prohaptor 
of 2 pairs of antero-lateral head organs, cephalic glands not seen. Opisthaptor wedge-like, 
wider than body proper, 0.063 (0.052-0.076) long by 0.084 (0.067-0.106) wide, armed with 
2 pairs of anchors, 2 bars and 14 hooks. Anchors dissimilar in size, each pair with fairly long 
superficial roots, vestigial deep roots and recurved tips with wing-like expansions at their 
curves; ventral anchors shorter, 0.038 (0.035—0.039) long by 0.004 (0,003-0.005) wide at base, 
base and roots slightly different in shape from those of the dorsal anchors; dorsal anchors 
0.050 (0.047-0.052) long by 0.006 (0.004-0.007) wide at base. Ventral bar delicate, variable 
in shape, most often a broad V-shape, 0.036 (0.034-0.041) long by 0.004 (0.003-0.004) wide; 
dorsal bar irregular in outline, ends expanded slightly, 0.036 (0.030-0.039) long by 0.003 (0,002 
0.004) wide. Five pairs of haptoral hooks marginal, 2 pairs close to anchors, 0.009 (0.008 
0.012) long. Mouth midventral immediately anterior to level of anterior eyespots; short, narrow 
buccal canal. Pharynx oval, 0.022 (0.020-0.028) long by 0.021 (0.015-0.024) wide; esophagus 
short. Gut bifurcated, crura unramified, confluent posteriorly. Testis saccate, postequatorial, 
situated in midline in posterior portion of body, (1) 0.027 long by (1) 0.011 wide; vas deferens 
sinistral to seminal receptacle, traversing body as a greatly expanded seminal vesicle then 
narrowing to enter cirrus bulb. Cirrus complex consisting of a cirrus bulb, cirrus and accessory 
piece. Cirrus bulb ovoid, cuticularized with cirrus attached anteriorly; cirrus a long, narrow 
tube, 9.027 (0.024-0.032) long by 0.001 wide, coiling around cirrus bulb twice then curving 
posteriorly ; structure interpreted as accessory piece distal on cirrus, irregular in outline, bear 
ing an apparently hollow bulb which may function as a prostate reservoir. Genital pore common, 
0.087 (0.027-0.108) from anterior end. Ovary saccate, pretesticular, in midline; oviduct short 
receiving vitelloducts and seminal receptacle immediately anterior to ovary. Ootype imme 


Florida. 
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diately anterior to junction of vitelloducts and oviduct; uterus extending anteriorly in midline 
to genital pore. Vaginal pore on the ventral surface of a curious but consistently appearing 
protrusion of irregular outline and on the right body margin; vaginal tube narrow, cuticular 
ized, long, proceeding tortuously posteriad to large spherical receptacle Mehlis’ gland not 
observed, Vitellaria follicular, near intestinal crura, mostly postequatorial; transverse vitello- 
ducts apparently join oviduct near posterior level of seminal receptacle. Egg in utero ovoid, 
(2) 0.053 (0.050-0.056) long by (2) 0.035 (0.030-0.040) wide, with a short, stout, terminally 
expanded filament; developing embryo often observed in eggs. Eyespots in 4 irregular groups 
antero-dorsal to pharynx, additional melanistic granules often observed scattered about anterior 
end of body 

Discussion; Pseudohaliotrema carbunculus n. sp. differs from ali other tetra 
onchids in the following respects: (1) marginal protuberance containing vaginal 
pore, (2) unusual cirrus complex with ornate accessory piece or ornamentation, 


(3) relative shapes and lengths of dorsal and ventral anchor roots, (4) hosts. 


SUMMARY AND CONCLUSIONS 


In this, the second installment of the present series of papers on the monogeneid 
parasites of the Gulf of Mexico, the taxonomic shortcomings of the genera Ancyro 
cephalus Creplin, 1893 and Haliotrema Johnston and Tiegs, 1922 have been dis 
cussed, It is concluded that both are in need of careful study in order to determine 
their taxonomic validity. This conclusion is supported by the fact that at least 
one worker, Mueller (1936), has actually employed Ancyrocephalus as a catch-all 
group to receive species whose systematic positions are uncertain. 

In all, four new and two previously described species are described and/or 
discussed, These are: Ancyrocephalus balisticus n. sp., Ancyrocephalus felis n. sp. 
Hamatopeduncularia bagre n. sp., Pseudohaliotrema carbunculus n. sp., Ancyro 
cephalus lactophrys (MacCallum, 1915) Johnston and Tiegs, 1922 and Ancyro 
cephalus parvus Linton, 1940, respectively. The present report constitutes a new 
locality report for the last two species. 
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EXPLANATION OF PLATES 
PLATE | 
Ancyrocephalus balisticus n. sp 
(Figs. 19-27) 
Fic. 19. Whole mount, dorsal view Posterior end twisted so that dorsal and ventral 


are reversed 
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“16. 20. Haptoral hook 

1G. 21. Haptoral complex, dorsal view 
1G. 22 and 22. Dorsal anchors 
Cirrus, dorsal view 

Cirrus, lateral view 

1G. 26. Vagina 

1G. 27. Ventral anchor. 
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Ancyrocephalus felis n. sp 
(Figs. 28-33) 
1G. 28. Vagina. 
1G. 29. Haptoral hook 
1G. 30. Cirrus complex 
1G. 31, Whole mount, ventral view 
1G. 32. Haptoral complex, ventral view 
‘1G. 33. Haptoral complex, ventral view 


—— 


Piate II 
Hamatopeduncularia bagre n. sp 
(Figs. 34-38) 


“1G. 34. Whole mount, dorsal view 

ic. 35. Cirrus complex 

iG. 36. Haptoral complex, lateral view 
1G. 37. Egg, in utero 

“1G. 38. Haptoral hook. 


Pseudohaliotrema carbunculus n. sp 
(Figs. 39-43) 
“16. 39. Egg, in utero 
1c. 40. Cirrus complex 
. 41. Protuberance with vaginal pore on ventral surface. 
“16. 42. Whole mount, dorsal view 
‘1G. 43. Haptoral complex, ventral view 
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SOME NEMATODES OF RATS FROM GUAM, M.I. AND 
NOTES ON A SPECIES OF RICTULARIA* 
WitiiAM D. Linpguist AND S. Y. Li 


Department of Bacteriology and Public Health, 
Michigan State College, 
East Lansing, Michigan 


In the late summer and fall of 1945 an opportunity was afforded to examine 
the entrails of 45 rats of the island of Guam in the Marianas group. ‘These rats 
were identified as Rattus rattus and in some cases a subspecific designation was 
assigned. The rats were collected in snap traps in a number of widely separated 
areas on the island and brought to the laboratory dead. The intestines were removed 
and the contents flushed through fine screens and then the mucosa was scraped 
and examined, The heart, lungs and other organs were also examined, The nema- 
todes were fixed in either glycerin alcohol or glycerin formalin and later upon 
return to the States were cleared in lactophenol for identification. The 5 species 
encountered and their frequency in the rats as well as the location in the host are 
listed in Table 1. 


TaBLe Il—Frequency of nematodes found in rats on Guam 


Nematode No. of rats Location 
Heterakia aspumosa ; 10 cecum 
Protospirura murtis se% 13 stomach 
Rictularia ap 10 small intestine 
Nyphacia obvelata . wr large intestine & cecum 
Angivatrongylus cantonensia 11 heart & pulmonary artery 


Many cestodes were encountered but they had not been fixed in a flattened con- 
dition and thus were not suitable for identification. 

Probably the only nematode of unusual interest among those found was a species 
of Rictularia. Ten of the 45 rats contained this worm in the small intestine and 
examination of the females indicated that they might be Kictularia tani Hoepphi. 
There were 17 females and 2 males recovered. One male was inadvertently lost 
during examination, but not before some measurements were made 

Hoeppli (1929) described Rictularia tani of rats from the female alone and 
paid particular attention to spines, combs and the configuration of the oral papillae 
and huecal capsule. The description was made from worms obtained in the vicinity 
of Amoy, China 

A description of the male of this species was published by Chen (1936). His 
specimens were recovered from rats in the area of Canton, China and his descrip 
tion was based on measurements from one male only. The males in our study 
are smaller than the one described by Chen but this may be an indication of the 
age of individual worms; however, striking differences in equality of spicules and 
the absence of an accessory piece in Chen's description led us to re-examine our 
females to ascertain whether we were dealing with Kictularia tani. It seemed logical 
to examine these females in comparison with Hoeppli’s original description and 


that of Chen's (loc. cit.). Furthermore our males have been compared with all avail- 


able known descriptions of Rictularia males and particularly those in rats, It 
Received for publication, August 2, 1954 
* Journal Article 1595 Michigan Agricultural Experiment Station. The authors wish to 


express their gratitude to Dr. N. R. Stoll for this material 
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must be pointed out that the original description of the female was based on five 
individuals only while Chen’s description appears to be based on only three. This 
comparison with the Guam material is indicated in Table II. The observations, 


Taste II—A comparison of Rictularia tani females from Amoy and Canton, China 
with the Rictularia from Guam 


Amoy Canton Guam 
ee, OE WD << 5-6 ba 6 enn ad 5 males, 0 females 3 females, 1 male 17 females, 2 males 
No. of hosts with R, tani .. 2 1 7 
lc «Pa eatare ae ewe .. 18.5-28 by 0.6-0.7 mm. 20 by 0.67 mm 18-36 by 0.5-0.9 mm 
Buces! cavity ...6c.:0. ; 0.04-0.05 mm, 0.05 mm 0.048-0.07 mm 
Has 3 teeth Ilas 3 teeth Has % teeth 
Re ae 3.8-4.3 mm, +4 mm 4.1-6.2 mm 
Nerve ring from ant. tip 03-0.4 mm 0.324 mm 0.34-0.45 mm 
Vulva from ant. tip ...... 3.5-4.4 mm 1.2 mm 3.6-5.2 mm 
Prevulvar combs .. eee eh 41-42 pairs 13-45 pairs 10-45 pairs 
Postvulvar combs .. eet 50-51 pairs 5O-51 pairs HO-58 pairs 
Combs and spines .. ‘ sehind vulva 2-3 Same Transitionals occur from 
pairs of transitionals t prevulvar to 0 
postvulvar 
Last pair of combs ....... At level of anus Behind anus toth at level of 
and behind anus 
ME catebneanessas weer 0.05-0.04 mm, 0.042 by 0.027 mm 0.038-0.045 by 
, 0.626-0.082 mm.* 
, | pwis Adee eeey ee 0.2-0.25 mm 0.274 mm 0.19-0.26 mm 


* Egg measurements from crushed uteri, only fully embryonated ones measured 


if these be FR. tani, extend the size range considerably and also indicate certain 
variations in individuals which were not known to exist in the small number of worms 
previously examined, It would appear that the transition from combs to spines 
as well as the level at which the last pair of combs occur are both characters subject 
to individual variation and possibly to individual interpretation, thus rendering 
them of less value than previously supposed in this species. The extension of size 
range by this larger number of females placed the two earlier reports within most 
of the new ranges. The characters of the Guam female worms are in close agree 
ment with those of the other reports with the exception of the two characters above 
mentioned which have shown individual variation. 

The purpose in this discussion of females is to relate the identity of our females 
with those already described in rats from that part of the world, since we must point 
out some differences in the males which appear in conflict with the originally 
described male. 

Tubangui (1931) described Hictularia whartoni from rats in the Philippine 
Islands. This description was based on females alone. Although that article does 
not indicate how many worms were available for study one can calculate from his 
percentage table that he found these worms in no more than 4 out of 950 rats 
Chen (1936) pointed out the similarity between PR. whartoni and RP. tani and indi 
cated that perhaps the two were synonymous, The only clear-cut difference between 
these two was that RX. whartoni appeared to possess a pair of ventro-lateral cuticular 
dilations in the cervical region. These cervical expansions were not found in the 
Canton material, nor were they mentioned in the worms as originally described 
from Amoy, nor do they exist in our material. 

In their review of this genus Dollfus and Desportes (1944) have listed 20 
known males. One not included in their list was that described by Chandler (1941) 
thus making a total of 21 males known to us. Of these only 10 appear to have un- 
equal spicules and it is with these that comparisons of our male nematode were 
made. Unfortunately there is no uniformity in the characters various authors 
apply to describe the male. This leads to the making of comparisons on a limited 


number of characters and often resorting to size, host and other variable attributes 
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The male Rictularia from Guam have been compared with descriptions of 9 of 
the 10 species having unequal spicules. A description of the tenth species, R. muris, 
has been unavailable to us thus far. It is apparently a European form in mice. 
Of the 9 male species compared, 8 had rather profound differences in one or more 
of the following characters: number of combs and spines, spicule measurement, 
caudal papillae, fans or oral papillae. Only one, Rictularia taterilli, appeared simi- 
lar to the Guam males. This form was described by Baylis (1928) from a desert 
jumping mouse, Taterillus gracilis angelus taken in Nigeria. The known comparable 
characters of males of RF. taterilli, R. tani and Rk. sp. (Guam) are illustrated in 
Table III, Examination of the three species indicates a little closer affinity between 


Tasie IIl—Comparison of the three Rictularia males 


R, tani R. taterilli R. sp. (Guam) 
SE Se an is od an 1 1 2 
Dt ks200d086 pengeeseoe 8.74 mm 2.7 mm 1.9 & 5.9 mm 
Sp'cules ee e° pee 0.54 & 0.85 mm 0.05 & 0.12 mm 0.059 & 0.120 mm 
(equal) (unequal) (unequal) 
Caudal papillae ere not recorded 2 preanal pairs 2 preanal pairs 
3 postanal pairs 4 postanal pairs 
Total combs & spines 61-62 63 62-63 
Fans ; 1 4 3 
Act exsory plece none no record present 


R. taterilli and the Guam male, although not exact by any means. For instance, 
there is no record by Baylis (1928) in his description of FR. taterilli of an accessory 


piece and yet it is clearly evident in both Guam males and is illustrated in Fig. 1. 








Fic. 1. Rictularia sp., posterior end of male from Guam 


The postanal papillae are not in agreement either. The worms from Guam show 
4 and possibly a fifth postanal papilla. The ventral fans are not in agreement by 
], but other authors (Chen, 1936, and Tiner, 1948) have indicated this to be a 
variable character. The most serious differences between . tani and the present 
material are the spicule equality, fans and the absence of an accessory piece. 
Two rather serious differences occur between females from Guam and China 
and those of FR. taterilli. The total number of combs and spines in the smaller 
Guam and China forms was 91 to 96 while in the African females the range is from 
65 to 69. Another, though less distinct difference is in the size and particularly 
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the shape of the eggs. The eggs of FR. taterilli were almost round being 0.04 by 
0.05 mm. Hoeppli (1929) indicated a similar round condition giving the Amoy, 
China egg measurements of 0.03 by 0.04 mm. However both Chen (1936) and 
the present authors found a more oblong condition. Chen's measurements were 
0.042 by 0.027 mm. In the Guam material measurements were taken on 37 eggs 
from & females and the length range was 0.038 to 0.045 mm. and the width range 
was 0.026 to 0.032 mm. The paradox of this problem is that the females from 
Guam resemble the China worms while the males are closer to the African species 
The solution of this paradox cannot be given until we have the opportunity to com 
pare males from China with the Guam material. Efforts to contact Chen on the 
China mainland, have, of course, failed. ‘The authors do not believe that the slight 
differences between the China and Guam females merit the description of a new 
species and yet the significant differences in the males preclude calling the Guam 
material Rictularia tani as yet. 

A Guam male and female were sent to Dr. G, Dikmans and Mr. John Lucker 
in 1951 and it was their opinion (personal communication) that our female agreed 
fairly well with Kk. tani though not exactly.. The fact that they had only 1 female 
made it impossible for them to realize the range of measurements found later by 
us when dealing with all 17 females. It was also their opinion that the Guam males 
could not be Rk. tani, assuming Chen's 1936 description to be correct. 

A case is on record in which Rictularia citelli males were described by Mcleod 
(1933) as having equal spicules 117 micra long. This same material was examined 
by Tiner (1948) and illustrated as having spicules only half equal though no men 
tion of this discrepancy was found in the text of Tiner’s paper. 

Great doubt exists in the authors’ minds that a species of nematode may have 
such profound difference in spicule ratio; however the small number of males 
studied in this genus certainly leaves room for great error due to the possibility 
of anomalies. 


SUMMARY 


In the present case there does not appear to be enough evidence to establish 
a new species nor enough similarity in males to designate these worms from Guam 
as Rictularia tani. Before this determination can be secure more material, particu 
larly males, from China and Guam should be compared, A list of nematodes from 


rats on the island of Guam is presented. 
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SOME UNUSUAL DISTRIBUTIONAL RECORDS OF TICKS IN UTAI 


D. E_tpEN Beck 
Brigham Young University 
Provo, Utah 


In Edmund’s (1951) check list of the ticks of Utah are records of certain ticks 
which represent unusual collections for this state. Kohls (1952) reported an un- 
usual collection of /xodes muris Bishopp and Smith. His specimens were taken 
from muskrats at Locomotive Springs in Northern Utah by a wildlife management 
student from the Utah State Agricultural College. For the past five and one-half 
years the author and his associates have conducted surveys of vector distribution 
related to Rocky Mountain spotted fever and plague in Utah. Many collections 
have been made of the several species of ticks found in the state during the progress 
of these vector studies. Among these collections are some new, unusual host and 
distributional records. Papers now in process of preparation will deal quite com- 
prehensively with general studies of tick distribution. It is felt, however, that a 
separate report listing some of the more extreme examples of unusual occurrence 


would be timely. 
Ornithodoros hermsi Wheeler, Herms and Meyer? 


Distributional and host data: 

Neotoma lepida Thomas nest collections, August 18, September 9, 1950, approximately 12 
miles north of Moab, Grand County; Dorald M. Allred, collector. Three N. lepida nests, 
July 1, 1951, collected about 1 mile northwest of Joy, Juab County; 7 males, 2 females and 4 
nymphal ticks, D. M. Allred and C. Lynn Hayward, collectors. Two N. lepida nests, Septem- 
ber 8, 1951, about 5.5 miles west of Adairville, Kane County; 1 male, 7 nymphs, D. E. Beck 
and D. M. Allred, collectors. N. lepida June 3, 1952, about 39 miles east of Kanab, Kane 
County ; 3 nymphs, Marvin D. Coffey, collector. Four N. cinerea (Ord.) nests, June 12, 1953, 
in an abandoned cellar about 2 miles north of the Taylor Ranch, Bridgeport, Daggett County ; 
1 male, 5 nymphs, D. FE. Beck, M. D. Coffey, and Merlin L. Killpack, collectors Seven 
N. lepida nests, March 13, 1954, were removed from “rat” houses located under Juniper trees 
about 2.8 miles north of Jericho Railroad Station, Juab County; 1 fernale, D. E. Beck and J. 
Franklin Howell, collectors 


That Ornithodoros hermsi is implicated with the transmission of relapsing fever 
to man has been shown by Philip and Davis (1940). Nevertheless, with the live 
specimens collected by the Rocky Mountain Laboratory and others submitted from 
this survey, certain biological characteristics fail to identify completely these organ- 
isms with the typical O. hermsi. In personal correspondence, Mr. Kohls of the 
Rocky Mountain Laboratory has stated: 

“Dr, Davis of our staff still (Feb. 3, 1953) has had no success in getting larvae 
from the Utah materials to feed, whereas O. hermsi from other areas has been easy 
to rear in the laboratory. It is for this reason primarily that I am still hesitant 
in calling the Utah specimens O. hermsi, although they certainly look like that 
species . 

Received for publication, July 7, 1954 

1 Contribution No. 142 from the Department of Zoology and Entomology, Brigham Young 
University, Provo, Utah. This study was also supported in part by funds from the National 
Institutes of Health, U. S. Public Health Service 

2 This is only a provisional determination. Mr. Glen M. Kohls of the Rocky Mountain 
Laboratory, Hamilton, Montana, informs me that the specimens submitted to him are similar, 


if not identical, with O. hermsi. However, further biological studies must be done to fully 
confirm its specihc nature 


198 











BECK—RECORDS OF TICKS IN UTAH 199 


In all collections of this survey except the one from Daggett County at Bridge- 
port and including those made by Kohls and others in Utah, the parasites were 
taken from \. lepida nests. All collections have been made under desert conditions 
at widely separated parts of the state at elevations ranging from 4,042 to 5,439 feet 
above sea level. 

Typical O. hermsi, as indicated by statements in the literature, seems to be 
an inhabitant of higher elevations. In addition to this, most nest collections of 
the typical O. hermsi have yielded numerous specimens or else many were found 
close by. Cooley and Kohls (1944) reported that Dr. Gordon FE. Davis of the 
Rocky Mountain Laboratory had taken “213 specimens from the cracks and crevices 
of a rotten Douglas fir stump in Park County, Colorado,” at an elevation of approxi 
mately 8,800 feet. Our specimens have been, in the main, Berlese extractions from 
nests. An attempt has been made to examine the nests manually, but no specimens 
have been found by this procedure. 

Following our first discovery, careful inspection of all possible hiding places 
in and around each nest has been made. With the exception of one collection of 
3 nymphs from the body of an N. lepida, to this date no specimens have been found 
away from the nest or on the body of other hosts. Our search has included digging 
into the substratum below the rat house, the overturning of stones and logs close 
by the house, and the meticulous examination of the undersurface of bark on trees, 
even including the tearing apart of dead trees around which rat houses have been 
built. 

Otobius lagophilus Cooley and Kohls 
Distributional and host data: 

Lepus californicus Mearns June 19, 1952, Lucin, Box Elder County; 1 nymph, D. E. Beck 
and M. L. Killpack, collectors. Lepus californicus October 30, 1953, 18 nymphs; February 6, 
1954, 175 engorged larvae and 6 engorged nymphs, Fish Springs, Juab County; D. E. Beck 
collector. Sylvilagus nuttallii (Allen) June 20, 1952, Locomotive Springs, Box Elder County ; 


I nymph, D. E. Beck and M. L. Killpack, collectors. Lepus townsenditi Bachman April 3, 1954, 
3.5 miles southeast of Roosevelt, Uintah County; 3 nymphs, M. L. Killpack, collector 


Comments: 
As with O. hermsi, this species is, as far as can be determined, here reported 
from Utah for the first time. All specimens, except those from the Roosevelt area, 


collected by this survey have been taken in the northwestern part of the state 


Argas reflexus (Fabricius) 
Distributional and host data 
Edmunds (1951) listed sorne immature specimens of Argas, collected July 27, 1948, near 
Vernal, Uintah County as “probably reflexus.” Beck (1953) reported a collection of several 
thousand specimens of Argas reflexus found at Yuba Reservoir in Sanpete and Juab Counties 
in 1951 and 1952. The ticks were found in the nests of the Northern Cliff Swallow, Petro 
chelidon albifrons albifrons (Rafinesque ). 


Ixodes texanus Banks 

Distributional and host data 

Vustela vison energumenos (Banks) May 6, 1949, Bar-A Ranch, LaSal Mountains, east 
of Moab, Grand County ; 2 engorged females, collected by D. Oliver Vustela frenata nevadensis 
Hall July 18, 1953, Webster Flat, Cedar Breaks National Monument, Iron County; 2 nymphs, 
D. E. Beck, M. D. Coffey, and M. L. Killpack, collectors. Spilogale gracilis sexatalis Merriam 
June 26, 1952, Kingston, Piute County: 1 engorged adult female, collected by D. FE. Beck and 
M. L. Killpack; August 12, 1953, Callao, Juab County; 1 adult female and 11 nymphs, D. E 
Seck, M. L. Killpack, and M. D. Coffey, collectors. The collections from Kingston, Piute 
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County, and Callao, Juab County, represent immature and female ticks. Glen M. Kohls, at 
the Rocky Mountain Laboratory, made the determination on specimens of the latter two collec- 
tions and regarding them has stated: 

“The determination of J. texanus is provisional. These and others I have, like them, differ 
from texanus in some respects and I am undecided as to whether they are a new species. Have 
no males of this as yet and they are needed for study.’ 


Comments: 

This species apparently is here reported from Utah for the first time. That 
it should have been found in Utah eventually was to be expected for it has been 
reported from Idaho, Colorado, Canada, and California in the western part of the 
United States. Cooley and Kohls (1945) reported that the original collection was 
made by Mitchell and Bishopp in 1908 in Live Oak County, Texas. 


Ixodes spinipalpis Hadwen and Nuttall 

Distributional and host data 

The first reference to this species for Utah was by Edmunds (1951). He reported it as 
“probably spinipalpis.” The following records from the author’s surveys are listed as provi- 
sional determinations 

Peromyscus maniculatus rufinus (Merriam) October 14, 1949, sagebrush area at the mouth 
of Rock Canyon a few miles northeast of Provo, Utah County; 1 nymph, Harvey Goldschmidt, 
collector. Peromyscus maniculatus rufinus June 27, 1952, Marysvale, Piute County; 4 nymphs, 
19 larvae, D. E. Beck and M. L. Killpack, collectors. Peromyscus eremicus eremicus (Baird) 
April 15, 1952, Beaver Dam Slope near Cliff Service Station on U. S. Highway 91, Washington 
County; 1 nymph, Grace Grant, collector. Perognathus formosus mohavensis Huey April 17, 
1952, Beaver Dam Slope near the Cliff Service Station on Highway U. S. 91, Washington 
County; 3 nymphs, G. Grant, collector. Onychomys leucogaster melanophrys Merriam May 8, 
1952, 50 miles east of Kanab, Kane County; 1 nymph, M. D. Coffey, collector. 


Comments 
From the records listed by Cooley and Kohls (1945) it appears that /. spinipalpis 
is more or less northwestern in distribution. Its host relationships seem to be quite 


varied, both as found in this survey and as indicated in the literature. 


Ixodes pacificus Cooley and Kohls 


Distributional and host data 


Mule deer Odocotleus hemionus hemionus (Rafinesque) October 17, 1953, near Eureka, 
| 


Juab County; 2 adult males removed from separate hosts respectively, Robert Liddiard, collec 


tor. Man, November 6, 1953, Provo, Utah County; 1 adult female found attached to a child 
in the cervical region, D. E. Beck, collector. The mother reported that the tick was attached 
and that one other tick had been removed a few weeks earlier from the same child. Domestic 
dog, November 8, 1953, Provo, Utah County; 2 engorged female ticks were removed from 
the inside of the ear, Robert Liddiard, collector. The dog had been used on pheasant hunts in 
Utah Valley and was being groomed when the ticks were discovered 


Comments 

tishopp and Trembley (1945) listed this species as /xodes ricinus californicus 
Banks, including specimens from Utah described as follows: 

“One of the Utah records shown on the map represents a female tick that 
attached, on October 20, 1938, to the armpit of a hunter, who may have picked it 
up from a deer he killed. Gerald Thorn, who collected this specimen, wrote: ‘No 
additional collections of /vodes ricinus californicus have been made since the first 
one in 1938. We hunted the same area in 1939, 1940, and in 1941, and I examined 
deer and porcupines for additional specimens but without success.’ ”’ 

Bishopp and Trembley further stated: 
“The other record on the map refers to two female ticks submitted by Dr. Don 
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Rees. These attached to a man on a deer hunt near Pinto, Utah, October 20, 1938.” 

Edmunds (1951) reported that Dr. D. M. Rees collected this species of tick 
from persons at Holden, in Millard County, October 25, 1945. Apparently this 
tick has quite a wide variety of hosts. In the adult stage, it seems to prefer larger 
vertebrates, while the immature forms are found on smaller vertebrates as birds 
and lizards. Further careful collection of the larger vertebrates in the appropriate 
season in Utah should provide much needed information on geographic distribu 


tion, as well as give needed information on host relationships and life history data 


SUMMARY 


Statewide natural history surveys in Utah related to the vectors of Rocky 
Mountain spotted fever and plague have resulted in the reporting of a number of 
unusual distributional records for several species of ticks. This report lists three 
species of soft-bodied ticks: Ornithodoros hermsi (7?) Wheeler, Herms and Meyer ; 
Otobius lagophilus Cooley and Kohls; Argus reflexus (Fabricius); and three 
species of hard-bodied ticks: /xodes texanus Banks; |xvodes spinipalpis Hadwen 
and Nuttall; and /vodes pacificus Cooley and Kohls. 

O. hermsi (7), Otobius lagophilus, and Ixodes texanus are here reported trom 
Utah for the first time. 
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STUDIES ON THE CHEMOTHERAPY OF EXPERIMENTAL SCHIS 
TOSOMIASIS III. HARVEST OF SCHISTOSOMA MANSONI 
CERCARIAE BY FORCED NOCTURNAL EMERGENCE 
FROM AUSTRALORBIS GLABRATUS 
GroRGE W. LUTTERMOSER 
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National Institutes of Health, National Microbiological Institute 
Laboratory of Tropical Diseases, Bethesda 14, Maryland 


The usual method of obtaining cercariae of Schistosoma mansoni in many labora- 
tories is to expose the infected snail, Australorbis glabratus, to light. Normally, 
these cercariae emerge in numbers during the hours from 9 A.M. to 2 P.M. (Faust 
and Hoffman, 1934; Giovannola, 1936a). Kuntz (1947) and Schreiber and Schu 
bert (1949) found that changes in temperature stimulated the escape of cercariae 


but exposure of snails to heat and light resulted in greater emergence. In addition, 
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Kuntz (1947) demonstrated that short exposures of cultures of A. glabratus to light 
of a 100 watt bulb at room temperature or at 35-37° C., resulted in a moderate to 
heavy emergence of S. mansoni cercariae at 8 A.M., trom 10 A.M. to 12 M., and 
at 5 P.M. the same day. 

By inversion of the light cycle, the complete inversion of periodicity of emergence 
was reported by Giovannola (1936b) for Cercariae brevifurca, cercaria Diplo- 
stomum flexicaudum, and a cercaria species of the subfamily ReNireRINAE. The 
same inversion of periodicity of emergence was accomplished by Olivier (1951) 
with the cercariae of Schistosomatium douthitt. 

In this Laboratory, a study has been made of the effect of inversion of light and 
dark periods in relation to emergence of cercariae of S. mansoni from A. glabratus. 
This was done primarily to provide a basis for the routine harvesting of cercariae 
necessary for chemotherapeutic studies. The criteria used included determination 
of infectivity as well as of yields of cercariae. These observations extend the knowl- 
edge of the effect of complete inversion of the light cycle on emergence of S. mansoni 


from A. glabratus, and are therefore presented here as a separate report. 


MATERIALS AND METHODS 


A strain of A. glabratus and of S. mansoni originally obtained from Puerto Rico 
(Cram, 1947) were utilized in this study. When the snails were about 0.5 cm. 
in diameter, they were infected either individually or in groups. For individual 
exposures, each snail* was placed in a one-inch watch glass containing 5 or 10 
miracidia in 0.75 ml. of water. For group exposures, 25 snails were placed in a 
Petri dish with not less than 10 miracidia per snail. After an exposure period of 
three or more hours, each series of 25 or 50 snails was placed in a jar containing 
three liters of “fresh water’”—tap water which had been standing at least 24 hours 
Lettuce was given to the snails daily except on week ends. As a supplement, a piece 
of Vita-Min block ( Aristo Products Co., N. Y.) was added to each jar once weekly. 
The water in which the snails lived usually had a pH of about 6.5 as read with 
indicator paper and will be referred to as “culture water.” The jars containing 
the snails were kept in an air conditioned room with a temperature range from 
24 to 26° C. and with fluorescent lighting daily from &: 30 A.M. to 5 P.M. during 
week days. Approximately 30 days after exposure to infection, cercarial emergence 
studies were begun. The snails of one series were isolated individually while the 
snails of all other series were kept in groups. All of the series of snails, except 
two, were observed once weekly and were returned to jars containing fresh water. 
The emergence from the other two series of snails was observed daily for several 
consecutive days. In order to determine the numbers of cercariae which had es 
caped, the isolation containers were stirred gently and usually three 5 mil. aliquots 
of isolation wat®r were each placed in a Syracuse watch glass, the bottom of which 
had previously been marked off in '%4-inch squares. Sufficient 5% formalin was 
added to fix the cereariae. The cercariae with and without tails were then counted 
under the low power of a dissecting microscope. The total number of parasites 
present in the isolation containers was estimated 

As a test of infectivity of emerged cercariae, mice were exposed according to 
the method described by Luttermoser (1954). 


* These snails were obtained through the courtesy of Dr. W. L. Newton and Mr. N 


Etherington of this laboratory 
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RESULTS 

Yields of cercariae from snails exposed periodically to light 

The influence of the daily light cycle on emergence of the cercariae was studied 
by isolating each of a series of 10 snails, from all of which cercariae were emerging, 
in a beaker containing 50 ml. of fresh water. The beakers were then placed in a 
constant temperature incubator maintained at 30° C. During 5 of the first 6 days, 
the snails were placed in the light of two 15 watt daylight fluorescent lamps from 
9 A.M. to 9 P.M. and in darkness from 9 P.M. to9 A.M. The next four days the 
light cycle was reversed. At 9 A.M. and 9 P.M. each day the beakers were removed 
from the incubator and the snails were quickly transferred under subdued light 
to another beaker containing 50 ml. of fresh water at 30° C. and a small piece of 
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PERIODS OF DARKNESS SHOWN IN BLACK 


Fic. 1. The effect of light on emergence of S. mansoni cercariae from A. glabratus 


lettuce. The new beakers were then placed in the incubator. Two aliquots were 
removed from each beaker which had contained snails, the cercariae therein were 
counted, and the average number of cercariae produced per snail for the period of 
light or darkness was estimated. From Figure 1, it can be seen that most of the 
the cercariae escaped during, or immediately after, the periods of light. In three 
instances, cercarial emergence was greater during the period of darkness than during 
the period of light preceding it. When the light cycle was reversed so as to occur 
from 9 P.M. to 9A.M., emergence time was also reversed. Although there were 
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differences in numbers of cercariae emerging from the individual snails at the var- 
ious readings, a similar periodicity was found in the daily emergence from each snail. 
During the 10-day period, there appeared to be an increased emergence every 
second or third day, which suggested that the production of S. mansoni cercariae 
in A. glabratus might be cyclic in nature. It is of interest to note that the two highest 
peaks in emergence took place in the light periods following the two instances in 
which the period of darkness was prolonged for 24 and 36 hours. 

The pattern of daily emergence from groups of snails was also studied. <A series 
of 22 snails was divided into two equal lots. One lot was placed in a black jar 
containing 500 ml, of fresh water, and the other in a clear glass jar with an equal 
volume of fresh water, A small opening in the top of the jars allowed the entrance 
of air. Both jars were placed in the constant temperature incubator at 30° C. For 
the first six days one lot was maintained in continuous darkness and the other in 
continuous light, following which both were subjected to a daily 12-hour light cycle 
for 14 days. The snails were transferred under the weakest light available, a 
10 watt red incandescent lamp. The number of cercariae escaping from each lot 
of snails during the 12-hour periods was estimated. ‘The first six days there was 
a suggestion of periodic emergence from both lots of snails. Under the exposure 
of snails to continuous light, the escape of cercariae was not stimulated as under 
the condition of alternating periods of light and darkness which followed. The 
day on which the 12-hour light cycle started, emergence from the snails maintained 
in the dark rose sharply during the light hours, but there was a lag of one day in 
emergence from the lot which had been in continuous light. However, no actual 
change in conditions occurred for the latter group during the first 12 hours. The 
third day after the 12 hour light cycle was initiated, emergence from the two groups 
of snails became synchronized to the diurnal light cycle which was continued for 
four days. After a 24 hour period of darkness the light cycle was reversed, and 
the pattern of emergence became reversed in both groups. Cercariae were collected 
daily in greatest numbers from both groups of snails at the end of the periods of 
light, whether these occurred during daylight hours or at night. Over a period 
of several days, these groups of snails were observed simultaneously with the singly 
isolated snails of the previous series. Upon comparison of the emergence from 
the two series, it was found that when the light cycle coincided, the numbers of 
cercariae escaping from the single snails usually reached a maximum within the 
same period as that for the groups of snails. However, when the light cycle for 
the two series was not in phase, likewise the cercarial emergence did not correspond. 
This is additional evidence of the marked influence of light on the escape of S. man- 
som cercariae from A. glabratus. The comparison also indicated that while under 
a regimen of 12 hours light alternating with 12 hours darkness, individual snails 
yielded more cercariae every second or third day, in contrast to daily emergence 
characteristic for snails isolated as a group. The latter could only occur if cercariae 
escaped on different days from individual snails making up the group, but on each 
day cercariae emerged from several snails and thus a daily peak in emergence 
resulted. The daily yield of cercariae was thus an average for the group. 

Yields of cercariae from a group of snails isolated and exposed to light one time 
weekly 

Since it is not our usual practice to harvest cercariae from snails every day, 
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the emergence of cercariae from a series of 50 snails, previously exposed to 5 or 10 
miracidia each, was studied once weekly. It was of interest to know what numbers of 
cercariae the snails were yielding before exposure to heat and light and to learn 
whether the type of water in which the snails were isolated had any effect on emerg 
ence. This series of snails was maintained continuously in darkness except during 
exposure periods. One-half of the snails were transferred in a darkened room from 
their jar into a beaker containing 5 ml. of culture water per snail while the rest were 
transferred to a beaker containing 5 ml. fresh water per snail. In order to estimate 
the number of cercariae emerging during the periods of the experiment, aliquot sam 
ples of the water were taken both before and after the isolation beakers were immersed 


26° ( Both beakers were 


for 6 hours in a darkened waterbath maintained at 24 
then transferred to a lighted waterbath with temperatures of 28-30° ¢ \fter this 
exposure period, aliquots were again taken, and the numbers of cercariae were esti 
mated. The snails were returned to jars for a week before they were isolated and 
exposed again. Table 1 summarizes the average numbers of cercariae found for 
TABLE 1.—Average numbers of S. mansoni cercariae per snail emerging from A. glabratus: (D) 


during 6-hour isolation in darkness at room temperature 24-26° C. (L) during 
6-hour exposure to artificial light and warming to 28-30° ( 


General 


Week 1 2 3 1 i 6 7 5 average 

Period D> bf & Bp. > - G- Do .f D £ D 4k pb. D I 
Fresh water 5 187 35 95 23 157 56 1612 745 186 112 963 197 680 245 147 177 497 
Culture water 8 240 60 165 27 15 7% 1649 817 147 6 LOTT > 70S 25 1110 130 66S 
each snail in fresh water or in culture water during the period before (D) and 


after (1) exposure to light and heat. Increased yields of cereariae resulted from 
exposure of the snails to light and heat in 13 of the 16 observations. Apparently 


the type of water did not influence emergence since light and heat stimulated the 


cercariae to escape from snails in 6 of & trials with fresh water and in 7 of & trials 
with culture water. Furthermore, cercariae emerged from the snails after isola 
tion (D) in culture water as they did after isolation of the snails in fresh water 


This confirmed the observation of Kuntz (1947) that the amount of organic matter 


in the isolation water had little, if any, effect on the emergence of S. mansoni cer 
cariae from A. glabratus under influence of light. In addition, it demonstrated 
that the cercariae would escape from snails into water in which the snails had been 
living for some time. The two large harvests of cercariae in the dark period of 
week 5 are of interest since they indicate that heavy emergence occurred without 
exposure of the snails to light and warming 

During the fifth week of study of the above series of snails, aliquots of water 
were taken daily from each of the two jars and the numbers of cereariae present 
were estimated. An average of 50 to 355 complete cercariae per snail was found each 
day in the jars while they were maintained in the dark at room temperatures 
Since in previous determinations it was found that although many cercariae had 
lost their tails in 24 hours, most cerearial bodies could be recognized in the snail 
jars for 24 hours after emergence but not for 48, it is assumed that the above range 
represents the daily output of cercariae per snail in the jars. Furthermore, the 


above daily range of cercariae was only exceeded in two instances by the number 
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of cercariae tound during the preliminary periods of isolation (D). Thus it appears 
that the process of isolating the snails had little effect on emergence 
“Lorced” emergence and its application to routine harvests of cercariae 

Although Kuntz (1947) was able to force the emergence of S. mansoni cercariae 
from A. glabratus at 8 A.M. by the exposure of the snails to bright light and warm- 
ing to 35-37” C., there usually followed another emergence during the regular 
period from 10:00 A.M.-12 M. He found that the length of life of the forced 
cercariae was the same as the others, and there were apparently no ill effects of 
the forcing process on the snails, but he did not use the criterion of infectivity as 
an indication of their viability although they were apparently normal. Modifica 
tions of this method of forcing emergence were investigated, and it was found that 
harvests of sufficient infective cercariae could be obtained early in the day, thus 
facilitating the exposure of large numbers of mice the same day 

The present method of forcing the emergence differed from that of Kuntz 
(1947) in several way Kirst, since it had been demonstrated above that the diurnal 
pattern of emergence could be changed by altering the light cycle, it was decided 
to start the exposure ol the snails before 8 A.M Secondly, since more than one 
emergence usually occurred daily from the same snails, groups of snails were sub 
jected to light and heat for periods longer than one hour. ‘Thirdly, because it is 
known (Krakower, 1940) that temperatures of 36° C. or over shorten the life 
of S. mansoni cercariae, Maximum temperatures of 28-30° C. were used. In an 
air-conditioned building, it was found that the snails could be conveniently exposed 


to light at 28-30° C. in a box supplied with a fan (Olivier, 1951), or in a small 


forced draft oven (Hotpack Co.) equipped with an 8-watt fluorescent lamp, auto 
matically controlled, which served as heat source. Previous to their isolation for 
emergence, the snails were maintained in a darkened area in an attempt to avoid 
excessive release of cercariae before isolation All the snails utilized had been 
exposed to at least 10 miracidia each 

In each of two tests, a series of 12 snails was isolated at 6 A.M. and was placed 
in the light at temperatures of 28—30° C. for 8 hours. Hourly counts of cercariae 
were made starting the second hour, and it was found that peak emergence was 
reached at the end of 6 hours. However, since the cercarial harvest was not ade 
quate until noon, another procedure was tested for obtaining an earlier emergence 
Part of a large series of snails was isolated at 4 P.M. in fresh water and these re 
mained in the dark overnight until an electric time switch turned on the light in 
the cabinet at 3 A.M. and ending at 9 A.M. the following morning. Then the 
remaining snails were isolated in fresh water at 9 A.M. and were placed in the light 
and heat until 3 P.M. The emergence was heavy for both groups of snails. The 
cercariae which emerged by 9 A.M. were used to expose each of 20 mice to a dose 
of from 22 to 25 cercariae per gram body weight, while a similar number of mice 
were exposed to the same dose of cercariae which had emerged during the regular 
hours (9 A.M. to 3 P.M.). This range of cercarial-dosage had previously been 
shown to be lethal for most mice during the first 8 weeks of infection (Luttermoser, 
1954). The dose included only complete cercariae, i.e. those in which the cercarial 
body and tail were still attached. After exposure, the animals were placed in cages 
and their mortality was recorded. In three different tests as described above, the 
cercarial harvests were heavy at 9 A.M. and at 3 P.M., and it was found that the 
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mice died at approximately the same rate after exposure to the cercariae from either 
harvest. That the cercariae harvested at 9 A.M. were as infective as those harvested 
at 3 P.M. was not only evident in the mortality of the mice but also in the numbers 
of cercariae which failed to penetrate into the animals. After the exposure of the 
mice, 0.5 ml. of 10% formalin was added to each exposure tube, and the contents 
were rinsed into syracuse watch glasses and the cercariae counted, ‘The determina 
tions were made on 10 or 20 tubes with early cercariae and on the same number 
with those emerging at the usual time. From 24 to 76 complete cercariae were 
found per tube into which originally an estimated 300 to 350 cercariae had been 
placed. The numbers of cercariae remaining in the tubes containing the 9 A.M 
cercariae did not differ significantly from the numbers in the tubes contaming the 
3 P M cercariae 

Kxplanation for the comparable infectivity of the cercariae harvested at the two 
times may be found in the following. The bodies of most cercariae were observed 
to be separated from the tails in several different harvests of cercariae held for 
11 hours in beakers without the snails from which they had emerged during. the 


previous 6 hours. Therefore, the cercariae which em rged soon after 4 P.M. were 


TaBLe 2.—Comparison of mortality of mice exposed to S. mansoni cercartae 


(20-30 cercariae/gqm. body weight) emerging before and after ‘ 1M 


Cercariae emerging Cercariae emerging 


before 9 A.M after? AM 
Te, No. mice No. mice dead P . No. mice No. mice dead 
Test exposed in S weeks Pest exposed nS weel 
1 2 2! 1S ” ’ 
4 eo 25 If 1 % 
3 11 nD 17 10 Ww 
4 1h i iy) 1s 0 0 
’ a) Ww at) a) “ 
t 10 9 an) s 7 
7 4 4 >] 1 4 
8 10 10 4 27 2 
0 7 ) 2 11 11 
Ww 1s 18 1 aD ? 
11 11 11 25 M2 12 
12 16 1 an) 4 i 
13 24 24 7 7 7 
14 y ) a 12 1 
Total 192 175 otal 10 Ino 
Mortality 91.1 % Mortality 93.5 
not included in the dose used to infect the mice the next morning The cercariae 


found complete at 9 A.M. probably emerged from 3 A.M.to9 A.M. ‘Thus the latter 
cercariae were apparently of the same age as those emerging from 9 A.M. to 3 P.M 
and were equally infective 

Since it was found in the preliminary tests that emergence could be forced so 
that S. mansoni cercariae were available by 9 A.M., further tests of this method 
of obtaining cereariae for animal infection were carried out. The procedure was 
used successfully for this purpose in 14 trials, in each of which several groups of 
snails yielded sufficient cercariae for the exposure of more than 200 mice to 300 
to 400 cercariae per mouse. As can be seen in Table 2, the mortality in the group 
of mice exposed to the cercariae which emerged before 9 A.M. was comparable to 
the mortality of mice exposed to cercariae which emerged after 9 A.M Thu 
the method of exposing snails to light from 3 A.M. to 9 A.M. was satisfactory for 
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routine harvesting of S. mansoni cercariae to be used for the simultaneous exposure 
of large numbers of animals, and was found convenient in a program of testing of 
chemical compounds lor chemotherapeutic effect on relatively heavy infections of 
5S. mansoni in white mice 


SUMMARY 


1, A study was made of the daily and weekly yields of S. mansoni cercariae from 
the snail A. glabratus which had been exposed to 5 or 10 miracidia each on the 
same day, 

2. Under conditions of constant temperature of 30° C., isolation in fresh water, 
and alternation of artificial light with darkness every 12 hours, large numbers of 
cercariae escaped from individual snails during the periods of light every second or 
third day, while emergence from groups of snails rose daily during the periods of 
light. With the inversion of the 12-hour light cycle, the pattern of emergence 
became reversed 

3. The number of cercariae which emerged upon weekly isolation of a group of 
snails in fresh water in darkness at room temperature for 6 hours was usually 
limited ; however, cercarial emergence increased immediately when the snails were 
exposed to light and a change of temperature from 24-26° C, to 28-30° ( 

+. Snails which had previously been infected with 10 or more miracidia likewise 
yielded cercariae upon weekly exposure to artificial light and increase in tempera- 
tures of 2-0" C. either from 9 A.M. to 3 P.M. or from 3 A.M. to 9 A.M. . The cer- 
cariae emerging during both exposures were equally infective to mice 

5. emergence was forced during the hours from 3 A.M. to 9 A.M. by placing 
snails in a box with automatic light control the evening before. This method was 
found practical for obtaining sufficient cercariae for heavy exposure of many animals 
the same day 
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OBSERVATIONS ON THE EPIZOOTIOLOGY OF FILARIAL 
INFECTIONS IN TWO SPECIES OF THE AVIAN FAMILY CORVIDAITs 
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and Emory University Field Station, Newton, Georgia 


The occurrence of natural filarial infections in two corvid bird species was fol 
lowed from February 1, 1952, through October 31, 1953, in birds collected month!y 
and examined for microfilariae. The hosts studied were 217 common crows, Co 
vus brachyrhynchos, and 490 blue jays, Cyanocitta cristata. 

This work had two objectives: to develop epizootiological data which would 
suggest the arthropod group to which the vector belongs; and to detect factors 


influencing natural transmission of the worms. Success 1n the first objective would 


favor elticidation of the life cycle, and the parasites might then be maintained in 
the laboratory for use in transmission experiments. The vector was not discovered, 
but facts were learned which suggest something of its activities. Data applicable 
to the second objective were obtained, but are not of full value until the vector 1s 
known. ‘The findings are presented as a contribution to knowledge of parasiti 


infections in two host populations over an extended period 


MATERIALS AND METHODS 


The avian populations studied probably were not entirely homogeneous during 
the time of sampling, because both species migrate intracontinentally to a certain 
extent. Information about the movements of these species in the study area is not 
available 

Two species of filarial worms were found, the one in crows (hereafter desig 
nated CM) with blunt-tailed, sheathed microfilariae, and the one in jays (designated 
1M) with sharp-tailed, unsheathed microfilariae. Both species have characteristics 
of the family DipeTALONEMATIDAE, as do the few adult worms found 

All hosts were collected within 15 miles of Emory University Field Station, 
Baker County, southwestern Georgia, about 170 miles south of Atlanta \ monthly 
minimum quota was set of 25 jays and 10 crows, taken on at least 5 day Phi 
quota was substantially met in the jay series, but fewer than 10 crows were exam 
ined in 9 of the months. Collections were made fairly evenly throughout the stud) 
area, but monthly serial repetitions could not be made, either numerically, chrono 
logically or geographically 

Methods previously described (Robinson, 1954) were used in the examination 
Infections usually were heavy enough to be detected in fresh films with no difficulty 
If a film was negative, another was examined. Because movements of the micro 
filariae are so easily seen in a fresh film, the number of undetected light infections 
probably was inconsequential 


Received for publication, September 27, 1954 
* Present address: Department of Biology, Kenyon College, Gambier, Ohio Che writer 
expresses his appreciation for the aid in collecting rendered at various times by Dr. William 
W. Smith, Dr. Floyd Atchley, Mr. Paul White, Jr.. and Mr. Marshall Watson Grateful 
acknowledgement is made for the helpful suggestions of Dr. Elon E. Byrd when the manuscript 
was being prepared 


209 





THE JOURNAL OF PARASITOLOGY 


The small samples made it impractical to analyze infection rates in terms of 
successive units either of time or numbers of birds. The variations are shown 


in the graphs as moving averages of 20-bird groups, the rate being calculated for 


the last 20 birds after each additional specimen was examined 


RESULTS 


Infections were found in 269 of the 490 jay \dult worms were recovered 


from the pleural and pericardial regions of 25 birds incidental to the lung examina- 


tions, and 17 of these hosts also had microfilariae. Microfilariae but not adults 


were found in the remaining parasitized jays. light birds harbored both CM and 


J]M larvae. Discovery of adult worms or double infections did not follow a seasonal 
pattern. The apparent scarcity of mature filariae probably was not real, as adult 
filariae often are elusive and were specifically sought in only about 25 infected birds. 


The graph showing variations in the blue jay infections (Graph 1) can be 
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divided at February, 1953, into two superficially dissimilar halves. Previous to 
that month, the infection average varied only slightly around 65%, except in June, 
July and August. Both species start to nest in March or April, the first fledglings 
were collected just before June 1, and the last identifiable as such in late August. 
The rate declined to 20% in August, then immediately started to rise to the former 
level Soth the breeding season drop and subsequent rise lasted 8 to 10 weeks 
The rest of the graph is not so regular. However, the maximum again varied 
around 65% and exceeded that level only transitorily; the lowest point again was 
during the latter part of the breeding season; and the decline and rise were about 
the same in duration and magnitude as in 1952 
Infections were found in 148 of the 217 crows examined. CM larvae were found 


in 120 birds, JM larvae in 8, and both species in 20 crows. Only 4 crows harboring 


JM larvae were among the 64 infected birds in the 100 examined to April, 1953 
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Of the remaining &4 infected crows, 17 had double infections and 7 had | M larvae 
Some of these latter hosts were juveniles. 

The graph of crow infections (Graph 2) is similar in both years to the first 
year shown in Graph 1. The infection average between breeding seasons varied 
around 80%, although it reached 100% briefly. The rate declined during the nesting 
period about as far as in jays, i.e., by 40%. The decline and rise also each took 
about 8 to 10 weeks. 

Factors other than season were sought which might be involved in the epizooti 
ology of the infection. Age of host was found to be correlated with the infection 
rate. Fledglings and young adults had a lower infection rate than birds at least 
6 months old, but a surprising percentage even of the very youngest specimens 
had a patent infection when shot. The number with pre-patent infections is, of 
course, unknown. Of 71 juvenile jays examined in the summer of 1953, 32 (45% ) 


were infected, while 31 of 48 adult birds (64%) were infected during the same 





GRAPH 2: CROW INFECTIONS 
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period. These data show both that the rate in adult jays remains constant through 
the breeding season decline, and that significant numbers of very young birds con 
tract the infection 

\n effort was made to determine whether the infections came from outside the 
nest, or were passed from parent to offspring. A blue jay nest with four contained 
nestlings were taken 16 days after the eggs had hatched, and one parent collected 
The parent was infected, and at least one nestling had a pre-patent infection which 
developed to maturity in the laboratory lwelve arthropod species were found in 
the nest, but only one seemed to have a possible connection with filarial infection 
Six adult Culicoides haematopotus, three of them engorged, were recovered from 
the nest. They were too dry when found to permit examination for larval filariae 
This species has been taken from light traps in wooded parts of the study area 


Several species of mites, of undetermined feeding habits, also were found. 
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Data from earlier work (Robinson, op. cit.) suggested that both avian species 
nuight be parasitized at an early age, and therefore had contracted the infections 
in the nest. The latter assumption is reasonable, because a pre-patent period of 


at least several weeks would have to be postulated Many of the infected birds of 


1953 were juveniles, some even with soft, yellow mouth corners found only in 
recently fledged bird The nestling jay mentioned previously was negative in 
semi-weekly examinations. Microfilariae were present in the lungs when the bird 
died at the age of 62 days, 10 days after the last examination. ‘The worms thus 
took between 46 and 62 days to develop to sexual maturity in the bird. The greater 


time is predicated on infection the day of hatching, the lesser on infection the day 
it was removed from the nest Both periods might be shorter by at least 1 to 10 
days, depending on how long the worms were mature before the examination which 
revealed then presence The deve lopme ntal time is tentatively assumed to be about 
8 weeks in jays, and probably the same in crows 

\ll the birds were searched routinely for ectoparasites. Some of the heavily 
infected pecimens were ¢ <amined ¢ Sper ially carefully for blood-suc king arthropods, 
including nasal mite leather mites of the families ProcropHyLLopIDAE and 
ANALGESIDAE were isolated quite treque ntl, hese were perhaps the most common 
arthropods on the bird \nalgesids from infected birds were examined micro 
scopically, but contained neither blood nor nematodes. Most adult jays and crows 


harbored MALLOPHAGA of 


several species, mainly Philopterus cristata and P. ocel 
latus, during the cool months, but these were scarce or completely absent during 
the breeding season. A few mature MALLOPHAGA from heavily infected birds were 
negative for nematode live crows had ticks, and one had hippoboscid flies 
Unidentified mites were found on a few jays, but were negative for nematode larvae 
Fifty mites from an infected crow likewise were negative. ‘These examinations 
were not meant to disclose the precise frequency of occurrence of corvid ectopara 
sites, but did show that blood-sucking arthropods were relatively uncommon on 
the birds collected 

Captive birds in screened cages were examined occasionally to determine the 
duration of infections, or the minimum latent period of immature infections which 
might have been present. One infected jay survived in the laboratory for four 


months, and an adult crow showed a heavy infection during the entire 16 months 


it was in captivity. Microfilariae appeared in the nocturnal blood of a jay and 
a crow about 2 weeks after capture and the initial negative examination 

These avian microfilariae are very strictly nocturnally periodic Phe periodicity 
was artificially reversed in a common crow, and in a fish crow (Corvus ossifragus ) 
infected with |M larvae The periodicity was disturbed between 20 and 44 hours, 
and reversal was accomplished within 72 hours, after inversion of the natural 


diurnal photo-periodicity, beginning at 1 P.M 


DISCUSSION 


Both graphs show that the only major, regular variation in the infection rates 
is seasonal. The average maximum for blue jay infections is 65%, for crows, 80% 
These both fall in the general population by about 40% during the breeding seasons, 


but at least in blue jays the rate among adult birds remained constant throughout 


the vear. The decline coincides with the collection of juvenile birds in increasing 
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numbers; both the decline and rise last approximately as long as the maturation 
period of the worms in the jays. 

The unexpected rate variations in blue jays in 1953 were too extreme to have 
a biological cause. It is likely that these erratic fluctuations were caused by un 
known and probably uncontrollable sampling factors 

Since the vector was not identified, any explanation of the epizootiological 
pattern is tentative. Perhaps the simplest hypothesis is that the birds are infected 
only while in the nest, and that a single vector species closely associated with 
occupied nests transmits both filarial species 

These assumptions, and the specific knowledge about the maturation period 
of the adult filariae, explain the high percentage of infection in both avian species, 
and the rapidity with which that level is reached; the presence and duration of the 
breeding season's decline and rise; the relative constancy of the infection rates in 
adult birds during the entire year ; and the general absence of physiologically possible 
cross infections, as well as their occasional occurrence and probable perpetuation 

It seems likely from the epizootiological pattern that mites, ticks, ectoparasite 
generally, and tabanid flies are not involved. Mosquitoes and biting gnats are more 
likely possibilities. Mosquito habits do not readily fit into the assumed association 
of vector and bird nest. Furthermore, none of 1,000 mosquitoes of 12 species tested 
supported development of these worms (Robinson, 1955) Several species of 
Sunulium and Culicoides are common in the region, and some are numerous during 


the nesting season. The engorged Culicoides taken from the jay nest could imply 


a close and continuous association with the birds.  Jellison (1940) found gnats of 


both genera in nests of infected magpies (family Corvipar) so frequently that he 
suggested that one of them might transmit the filariae found in these birds and crow 
Biting gnats seem to be established as logical vector candidates 

It is theoretically possible that invariable development of an age immunity 
during the first 2 months of life might account for the infection pattern Phere 
is no evidence that such an immunity develops, other than the fact that there wa 
no detectible transmission among adult birds. Iven if this were the case, the 
vector would have to be highly efficient during the nesting season, and should have 
the characteristics already ascribed to the unknown vector 

Information is lacking on the length of life of avian filarial worms. The crow 
which survived in captivity for 16 months with a heavy infection was captured in 
February, 1953. If crow filariae are transmitted only to young birds, then the 
infection was at least 6 months old when the crow first was examined 

The quite different proportion of crows infected with ]M larvae in successive 
years was not explained by the data gathered. ‘The facts probably indicate a major 
population shift just before the breeding season in 1953, with the new population 
carrying more |M infections than the old one These infections originally must 
have been accidental, and could have occurred years ago. They would be perpetu 
ated and even increased if both filarial worms use the same vector species 

The pre-patent period of both filarial species is strikingly less than the 6 to 9 
months reported by Chernin (1953) for an unidentified filarial worm in white Pekin 
ducks. Filariae of corvid birds would make good subjects for experimental studic 


necessitating infection of the vertebrate host 
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SUMMARY 





1. A total of 217 crows and 490 blue jays was collected in Baker County, 






Georgia, over a 21-month period and examined for filarial worms and ectoparasites. 





2. Kach species is normally parasitized by one filarial species, but cross-infections 







were found. Of 269 infected jays, 8 had crow microfilariae; 28 of 148 infected 






crows contained blue jay microfilariae, alone or with crow microfilariae 





f 


3. The jays showed a relatively constant infection rate of 65%, the crows 80%, 






with a drop of about 40% during the breeding season. Adult jays maintained the 





65% rate during the 1953 breeding season. The decline and rise each last 8 to 10 







we ek . 






1. The pre-patent period of blue jay infections is between 46 and 62 days, with 





each of these limits possibly being as much as 10 days less. The maturation period 





is assumed to be & weeks 






5. Many immature birds are infected; engorged Culicoides haematopotus were 





found in a nest occupied by infected jays; the life span of the crow filariae 1s at 






least 22 months ; bloodsucking ectoparasites were relatively uncommon on the birds. 






6. The hypothesis is advanced that transmission ot both helminth species occurs 





mainly or entirely in the nest, and is effected by a single vector species 
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Studies of certain stages of several species of chicken and turkey coccidia have 





wen carried on during the last 2 years. Edgar (1954) reported that 29° ( ] 





(84° F.) was optimum for most rapid sporulation of Eimeria tenella and that some 






oocysts reached the infective stage between 15 and 18 hours. These results led to 






the present study, since the literature revealed that the accepted sporulation time 





reported for most species listed by Becker in Biester and Schwarte (1952) had 






heen based on observations at variable room temperatures. Apparently the infec- 






tivity of oocysts of most species had not been determined at specific periods nor at 





specific temperatures Also, because of the observation that oocysts of E. tenella 
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were passed a little sooner than previously reported, prepatent periods of some 
species were studied. 

The same procedure as reported by Edgar (1954), was followed in preparing 
and maintaining suspensions during sporulation, in examining microscopically, and 
in inoculating susceptible coccidia-free chickens at specific periods during sporula 
tion to determine when oocysts reached the infective stage. Oocysts were usually 
sporulated at 28 1° or 29° C. + 1°, the temperatures found best for most rapid 
sporulation of E. tenella, All species studied were those isolated from field infec 
tions during the past 5 or 6 years except as indicated in the table 

Species studied to date, in addition to EF. tenella which has already been reported, 
include, /:. necatrix, :, maxima, E. mitis, E. acervulina, E. brunetti, and FE. hagani 
of chickens and i. meleagridis and I. adenoeides of turkeys. Results, along with 


data from Biester and Schwarte, are summarized in Table 1 Some oocysts of 


TABLE 1.—Sporulation times and dimensions of oocysts and the prepatent periods 
several species of ¢ coccidia 


Results of this study From Biester & Schwarte 


Centi Earliest Karliest 
xrade hour assuage 
; Mean i Mean 
ey " , fempera- oocysts of Sporu 
Species of measurement measurement 
ture at reached oocysts lation 
coceidia of oocysts of oocyst 
which the in hours time 
in microns in microns 
sporu fective post-la 


lated+1° stage! oculation 


22 by 19 


tenella 20 2 
18.3 by 14.6 


acervulina 25 


1 
1 

. hagani 29 1 18.1 by 16.5 
1 


mitia , 20 16.2 by 16.0 


magrima 28 5 30.5 by 20.7 
necatris* 29 1 20.4 by 17.2 
brunetti 24+2 1 24.8 by 18.8 120 
adenoeides 29 1 25 by 16.5 104 
meleagridis 28 1° 22.9 by 16.6 119 
1 Suspensions of each species usually were examined microscopically and tested by chicke 
lation at 12 hours, and at subsequent S-hour intervals 
* Length by width Sased on 20-40 infective oocysts 
Usually at room temperature 
*The culture of #. necatriz was kindly furnished by Dr. N. F. Morehouse, Dr, Salsbury 
tories, Charles City, lowa 
Moore & Brown stated that a few FP. adenoeides oocysts were passed as early as 104 ho 


each species of chicken coccidia reached the infective stage by 18 hours at 28° to 
29° (¢ 1°, except /:. maxima which was first found to be infective at 30 hours 
Surprisingly, oocysts of one species of turkey coccidia, /:. meleagridis, were infective 
as early as 15 hours. Had suspensions of this species been tested at hourly interval 
rather than 3-hour intervals, it is quite possible that some oocysts were infective 
by 13 or 14 hours. Maximum sporulation of a suspension appeared to have been 
reached for all species by approximately 6 to 9 hours after the first oocysts became 
infective. Results for . hagani, brunetti, and acervulina of chickens and for the 
turkey species sporulated at specific temperatures, generally are in agreement with 
those of Levine (1938 and 1942c), Tyzzer (1929), and Moore and Brown (1951) 
except that oocysts of these species reached the infective stage a little earlier in 
this study than reported by them. 

Results of the phase on prepatent periods, the time from inoculation to the 
passage of the first oocysts, also are presented i1 able 1 The earliest passage 
of oocysts of EF. tenella, E. hagani, I. mitis, :. maxima, and E:. adenoeides in thi 


study was a little earlier than that listed by Becker in Biester and Schwarte (1952) 
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\lthough he listed the prepatent period of /:. adenoeides as being 112 hours, Moore 
and Brown (1951) stated that a few oocysts were passed as early as 104 hours, 
the same as observed in this study. The passage of oocysts of other species were 
essentially the same as presented by Becker in Biester and Schwarte It should 
be mentioned that only 3 oocysts of i. brunetti were recovered by a sugar flotation 
technique at 120 hours from a composite fecal sample from 6 infected birds. How- 
ever, moderate numbers of oocysts were being passed by 132 hours, the next period 
checked With the exception of [t. brunettt, oo ysts of each species collected at the 
hours of post-inoculation listed in the table were sporulated to determine if at least 
ome oceysts being passed were normal and capable of reaching the infective stage. 

In general, the dimensions of oocysts for most species approximated those 


listed by Becker in Biester and Schwarte (1952), and all fell within the range 


listed for respective species Differences between the two sets of measurements 
might be explained on the basis of strain differences, number of oocysts measured 
per pec and whether all oocysts or a pecihe stave of oocyst uch as only 


porulated oocysts, were measured 
In the light of the aforementioned findings, it is reasonable to assume that when 


conditions are favorable 


n nature, the life cycles of several of the species probably 
require approximately one day le than reported previously \lthough no syste 
matic study was made to correlate the peed ol sporulation and viability of oocysts, 
there was no indication that lower temperature (i.e. 19° to 25° C.) yield better 
oocyst suspensions than those produced at 29° C. (Edgar, 1954). It is suggested 
that difficulties sometimes encountered in the sporulation and maintenance of oocysts 
of these species might be lessened if suspensions were maintained at specific tem 
peratures during the sporulation process. Very likely the sporulation time required 
for I. praecox of chickens and other coccidia of domestic birds are shorter than 
reported This study also revealed that, although oocysts may appear to have 
reached the infective tave min roscopically, the only critical and accurate measure 
ment of infectivity is by inoculation of susceptible birds. This was particularly 
apoarent when /:. maxima oocysts microscopically looked sporulated at 27 hours, 
but chickens inoculated revealed that the oocysts were not infective Likewise 
ome oocysts of /:. meleagridis looked infective at 12 hours, but turkey inoculation 
proved that they were not 

Results of thi study are not nece arily at variance with those of earlier in 


vestigators, but represent the minimum sporulation times and earliest prepatent 


periods observed for speci tudied under specific condition 
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IN MEMORIAM* 


Henry Evttswortu Ewine (1883-1951) 


Henry Ellsworth Ewing was born in Arcola, Illinois, February 11, 1883, and 
died in Washington, D.C., January 5, 1951. He attended Knox College from 
1902 to 1904, when he transferred to the University of Illinois, where he received 
the A.B. degree in 1906. The following year he studied at the University of Chi 
cago, then returned to Illinois as assistant in zoology, receiving the A.M. degree 
in 1908. He taught high school 1908-1909, and the next year was an assistant in 
zoology at lowa State College. Appointed a Schuyler Fellow at Cornell in 1910, 
he received the Ph.D. degree there in 1911. From 1911 to 1914 he was Entomolo 
gist at the Experiment Station of Oregon State College; he then returned to Lowa 
State College as Assistant Professor and two years later was advanced to the rank 
of Associate Professor. Brought to Washington in 1919 as a Presidential Appointee 
to work as a specialist on the ARACHNIDA, he remained a member of the Bureau 
of entomology and Plant Quarantine until his death. He was advanced to be 
Associate Entomologist in 1925, Entomologist in 1930, and retired on disability 
in 1945 

Dr. wing was a naturalist, with broad interests and a deep fund of knowledge 
His first publication (1907) contained desc riptions ot the oribatid mites of Illinoi 
and this group held his interest thereafter \t the Experiment Station in Oregon 
he became interested in the ectoparasitic arthropods and, after he went to Washing 
ton, in the trombiculid mites. His greatest contributions were on the mites, with 
more than one hundred papers on that group. He published also on the Prorura 
RIcINULEI, JAPYGIDAR, lice and fleas, and his Manual of Ictoparasites appeared 


in 1929. He was known as an authority on ARACHNIDA, external parasites and 


the primitive orders of arthropods. Dr. Ewing’s early training and interest in 


medicine fitted him well for his studies on mites of medical importance. He wa 
intensely interested in the effects of bites of spiders and other arthropods and often 
maintained a collection of living tarantulas, scorpions and centipedes with which 
he experimented. He was the first to elucidate the life-history and habits of chig 
gers in the United States, and it was he who did most to clear up the generally 
accepted, though erroneous, idea that chiggers burrow into the skin of man In 
his work on the classification of mites, he was often years ahead of his contempo 
arics 

He was acharter member of the American Society of Parasitologists and served 
as President of the Society in 1944. His portrait and presidential address, “The 
Trombiculid Mites (Chigger-Mites) and their relation to Disease,” were published 
in the Journal of Parasitology, 30: 339-365. He was one of the founders of the 
Helminthological Society of Washington and its President in 193] ie was a 
member of the Ientomological Society of Washington for thirty-one years and Pre 
dent of that Society in 194] Member of a dozen scientific organization 
also a civic-minded person, prominent in church and community affai 
curtailed activity during his later years and his death re moved one of the 
most honored members of our Society Horace W, STUNKARD 
versit F.C. Bisuorrp, Brownsville, Texas, and D. H. Wenricn 
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RESEARCH NOTES 


OBSERVATIONS ON THE EXPERIMENTAL TRANSFER OF THI 
MICROFILARIAE OF DIROFILARIA IMMITIS TO THE MOUSE 
RAT, AND THE CHICK EMBRYO 





The experimental transfer of microfilariae of Dirofilaria mmmitis from infected to unintected 
dogs, their normal host, has been reported several times in the literatu derwood and 
Harwood, 1939, J. Parasit. 25: 23-33 However, little information is avai concerning the 
fate of these larval forms following their introduction into unnatural host 

Fulleborn (1929, in Kolle und Wassermar Handb. Path. Mikroorganism. 6: 1043-1224) 
injected this species of microfilariae into the blood stream of mice owever, he performed only 
one experiment and did not report his finding 

Evidence has been presented by Drinker, Augustine, and Leigh (1935, Tr. R S Prop 
Med and Hyg. 29: 51-58) and Augustine and Drinker (ibid pp. 303-306) that these unsheathed 
microfilariae have the ability to leave the blood stream and penetrate the body tissues in the 
dog Thi uggested to us the possibility that these microfilariae could be found in various 
places in the body following their introduction into the peritoneal cavity of an experimental 
rodent host. We therefore injected blood, containing various concentrations of microfilariac 
intraperitoneally into 20 Wistar rats and 40 Swi mice Viable microfilariae were observed 
in the peripheral blood as late as three yeeks following injection 

As preliminary experiments indicated that there is a rapid destruction of the majority ot 
the microfilariae within the first week, we extended our studi itilizing only rats in an effort 
to produce quantitative infection f longer duratior 

Two to 5 ml. of whole heparinized dog blood, containing approximately 13,000 larvae per 
mi., were inoculated intraperitoneally into each of 60 young Wistar albino rat weighing 
100-150 grams, in combination with hyaluronidase Wyeth (150 T R units per each animal) or 
following pre-treatment with cortisone acetate Merck or Corticotrophin-Gel Wilson The 
animals were injected intramuscularly with 5 mg. cortisone every 24 hours and with 4 units 


of the ACTH gel every 8 hours for a period of 5 days prior to receiving the larvae 
chnelle and Young (1944, U. S. Surgeon General’s Office-Bull. No. 80 U. S. Army Med 


Dept. pp. 52-59) have demonstrated that Dirofilaria microfilariae exhibit periodicity lheretore, 
blood samples were obtained twice daily (morning and night) once a week, from. the tail of 
each animal A few drops of blood were smeared on a slide which was stained with Giemsa 


and the approximate number of microfilariae per 100 low power microscopic fields recorded 

l'reatment with hyaluronidase, cortisone or ACTH did not increase the number of circu 
lating microfilariae of Dirofilaria immilis in the peripheral circulation of the laboratory rat 
following their introduction into the peritoneal cavity. It is possible that the main mass of the 


rious tissues of the animal, for at ¢ 


microfilariae were either destroyed or imbedded in the va 
weeks folowing transplantation there was an average of Ie than 10 demonstrable larvae pet 
100 low power microscopic field Examination of saline washings made of the peritoneal 


cavity likewise faifed to reveal microfilariae 
We also inoculated developing chick embryos to ascertain the fate of these particular micro 





filariae in an experimental avian host. Microfilariae were centrifuged from infected dog blood 
which was laked with sterile distilled water They were then washed and resuspended terile 
isotonic saline which contained 500 units and 0.5 mg. penicillin-streptomycin Schenley per ml 
I} larval suspension was then inoculated into the chorioallantoic sac of each of 24 ten day 
old chick embryos in a dose of 0.5 ml. or 1000 larvae per egg. Four embryos died, howevet 
no bacteria were recovered from these eggs upon culture The remainder of the inoculated 
embryos lived and were sacrificed on the 16th day of incubation and found to be bacteriologically 
terile Their allantoic fluid was examined to determine the percentage of viable microfilariae 
present in 100 low power microscopic field Counts made directly on a portion of the fluid 
obtained from each egg revealed that 50 to 60 percent of the larvae appeared viable and had 
therefore remained alive in this medium for a period of six day 

Phe generosity of the various companies mentioned herein, in supplying the drugs used 1 
thi tudy is gratefully acknowledged Puittie H. Ma AND ITAL( RATTA, eg } 
Physicians and Surgeons, Columbia Universit New York Cat 


THE DAILY EGG PRODUCTION OF HAEMONCHUS CONTORTI 
(NEMATODA) IN A CALI 


A pure intects of Haemonchus contortus in a Holstein bull calf supplied an estimate of 
the number of eggs that a female produces daily Phe entire daily fecal output was collected 
by carefully picking up all the dung from the stall floor twice daily and the number of eggs 


RESEARCH NOTES 


h were taken after 


per gram of feces was determined by examination of ten-gram samples whi 
this entire collection had been thoroughly mixed The Stoll-Lane direct centrifugal flotation 
method, (Stoll, N. R., Parasitology 22: 116-136, 1930) using sodium nitrate for the flotatior 
solution, was used to determine the number of eggs per gram of feces 

Three daily observations were made before the calf was sacrificed. During this period 
an average of 2,872 grams of feces was excreted each day he fece contained an average of 
130 eggs per gram or a total of 373,360 eggs per day. Therefore, the 57 mature females of 
H. contortus recovered at necropsy laid an average of 6,550 eggs per day each in order t 
produce eggs at this rate [wenty-two male worms were present and no other parasitic worms 
were found 

The infectivity of pastures for trichostrongylid parasites is generally related to the rate of 
egg laying of female parasites within the alimentary tract of the host Phe epizootiological 
importance of the daily production of about 6,000 eggs by each female becomes apparent when on 
considers that a bovine harboring 50 female //. contortus, a light infection, may deposit 300,000 
eggs daily onto her table, the pasture Phus four cows were being pastured on a 10-aere 
plot they would deposit eggs at a rate of nearl 3 r square yard each day GEORGE W 
KELLEY, Jr., Department of Animal Patholos md Hygiene, Agricultural Experiment Station 


University of Nebraska, Lincoln, Nebraska 


PREPARATION AND USE OF GLYCHROGEL MOUNTING MEDIUM 


Glychrogel mounting medium (Yetwin, J. Parasit. 30: 201) i metimes difficult 
pare The following modification has given more consistent result Add 
grams) Knox gelatin to 80 ml. hot distilled water and stir in water bath until thoroughly 
‘dissolved. Add 32 ml. glycerin. Add 0.05 gram chrome alum dissolved in 48 distilled 
water, Add a crystal of camphor as a preservative. We keep this amount refrigerated as a 
stock. About 20 ml. is transferred to a small flask for current us It can be repeatedly 
heated and refrigerated a number of times without detriment 

For small filarial worms we prefer the following routine. Fix individually it 
alcohol at 70° C., transfer to cold 70% alcohol plus 5% glycerin in a stender dish 
cover with paper. The following day add a small amount of 50% glycerin and 


daily add a few drops of glycerin Mount as soon as most of the alcohol has evapor 


stender dish and a clean slide are placed on a lantern slide cover glass on the stag 
ing microscope so that either one can be easily moved into the field of vision \ droy 
glychrogel is transferred with a capillary pipette from the flask in a 6§ water bath 
the slide \ worm is picked up with a dog whisker fastened to an applicat tick 

in the glychrogel. A cover glass is lowered carefully to avoid bubble 

for several days and stored in slide boxes standing on end since there may 
for the preparation to move in hot weather. Preparations veral yeat 
although details of spicules, etc., are not always quite as visible as in a 
months old—J. ALLEN Scort, Th vW" of Texas-Medical Branch 


THE WHITE SUCKER, CATOSTOMUS COMMERSONIT (LACEKPEDI 
4 NEW HOST OF CARYOPHYLLAEUS TEREBANS (LINTON, 189 


In the summer of 1949, the ‘writer undertook a survey of intestinal helminth 
suckers, Catostomus commersonu from City Park Lake, Fort Collins, ¢ 
examined, all were infected with ( ophyllaeus terebans Phe infection 
90 parasites per fish, an average of 22. The percentage 
appear to be very much higher than previously recorded 

In one icker, two nodules were found containing V Lk aryopl 
follows the findings of Linton (1893, Rept. U. S. Comm’: sh [1889-1891] Pt. 17 
and not of Hunter ([{1930], Ill. Biol. Monogr. 11 (4): 371-556 [1-186]) 


parasitized specimens showed this characterists : 

Previous to this study Caryophyllaeus terebans had been found in possibly pecie 
of fish, viz. Catostomus ardens of Heart Lake, Yellowstone Nation ark, Wyoming b 
Linton (1893), in /ctiobus bubalus taken from the Tallahatchie River, \ y, Mississippi by 
Hunter [1930] ; and what may be the same parasite was reported by Bangham (1951, Zoologica 


Scient. Contrib. N. York Zool. Soc. 36: 213-217) The latter examined Catostomus fecundus 


wical difference he 


collected 1 the upper Snake River drainage of Wyoming and found a 4 resembling 


Caryophyl terebans, but finding some morphol 
identificatiot B ; Ton? Biolog Department ltresn fate ¢ Ile 














Every laboratory should have this helpful manual 
which lists our complete line with catalog numbers 
and prices for various quantities of each item. 


Covers Biological and Laboratory Reagents; 

Biological Stains; Commission Certified Biological Stains; 
Staining Solutions and Reagents in Solution; 

National Indicators; Oxidation-Reduction Indicators, 
and National Pharmaceuticals. Also included is a valuable 
Hydrogen Ion Indicator Chart and other helpful data. 


A letter or postcard request will bring your copy 
without cost or obligation. Simply address: 


PHARMACEUTICAL SALES 
NATIONAL ANILINE DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N.Y. 





A.H.T. CO. 
CLEANING COMPOUND 


> For cleaning glassware, porce- 
lain or metal ware 


> Particularly efficient in remov- 
ing dried , organic resi- 
dues and wax pencil marks 


» Not harmful to hands 


> Penetrates and loosens ‘‘fro- 
zen” glass joints, stopcocks 
and stoppers 








CLEANING COMPOUND, General 
Laboratory Purpose, A.H.T. Co. A fine 
white B pia especially formulated for 
general laboratory use from effective syn- 
thetic rps aug carefully buffered and 
blended without use of harsh alkalies or 
ingredients which affect sensitive skin. 
Useful for cleani lassware, porcelain or 
metal ware. Partic y efficient in removi 
dried blood, organic residues, and wax penci 
marks, and for making soak solution to facili- 
tate freezing frozen ground glass joints, 
cock plugs and glass stoppers. Totally solu 
in hot, cold, or soft water. Produces sur- 
faces free from film, streaks and hard water 
deposits. When used in usual concentration of 
Yo-ounce to 1 gal or in somewhat hi 
concentration for stubborn deposits, in either 
hot or cold water, the pH of the wash water is 
constant at approximately 9.0 pH. 


Contains a surface active (wetting) agent, 
to facilitate rinsing, which is stable in acids 
or alkalies, and a sequestering agent which 
disperses the metal ions in tap water such as 
c ‘cium, magnesium, etc., without precipita- 
tion; both additives combine effectively to 
emulsify organic residues, oils and greases, etc., 


and disperse finely divided deposits such as 
activated charcoal, organic or inorganic pig- 
ments, and various catalysts used in organic 
synthesis. 


Packed in convenient rectangular canisters 
containing 3 Ibs., and in 25 lb. fiber druns. 
The canisters have metal top and bottom, and 
friction-fit, oval metal cap, 4x 2% inches wide, 
which contains a hinged pouring spout for 
convenient dispensing. Overall dimensions 41/4 
x 3x8 inches ‘ 





$298. Cleaning , General Labora- 
ow ar A.H.T. Co., as above de- 
scribed. 


Per 3 Ib. canister, with pour out 


Per original case containing 12 x3 lb, 
canisters 15.5 


Per 3 original cases (108 Ibs.) 
Per drum containing 25 lbs, .......... 
Per 100 Ibs. in 25 lb. drums 


Sample of A.H.T. Co. Cleaning Compound sent upon request. 


ees ARTHUR H. THOMAS COMPANY 


A.H.T.CO. 





| LABORATORY APPARATUS | 


Labnatry Afparates and Keagenls 


WEST WASHINGTON SQUARE 


PHILADELPHIA 5, PA. 


Teletype Serviess: Werters Galen WUX and Gell System PR-72 
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